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ABSTRACT 
Air pollution is a relatively new factor m 
agriculture, causing stresses on crop growth and their 
productivity. Air pollution effects on agricultural crops 
has drawn attention of investigators rather late, and the 
various aspects of air pollution-agricultural crop relations 
have gained little study, especially in India. The present 
studies were undertaken to examine interaction of air pollu-
tants and root-knot nematodes and their interactive effects 
on different parameters of growth and productivity of chick-
pea and lentil, two important pulse crops m India. The 
interactive effects on root-knot nematodes which commonly 
attack the pulse crops, and root-nodule bacteria forming 
nodules on roots for symbiotic nitrogen fixation have also 
been assessed. The experiments have been conducted both 
m ambient and in artificial exposure conditions. For the 
studies on ambient air pollution, a thermal power plant 
located at Kasimpur, about 15 km away from the campus of 
the Aligarh Muslim University using coal as fuel was selec-
ted as pollution source of air pollutants. Artificial 
exposure studies were done in dynamic state exposure cham-
bers using varying concentrations of S0„ and 0-, , singly 
and m mixture. Interaction of flyash, one of the major 
air pollutants originating from the thermal power plant, 
was examined using ambient polluted soil and soil artifi-
cially amended with the flyash. The interaction of simulated 
acid rain was also studied in artificial treatment condi-
tions. In addition to interaction studies, effects of 
pollutants on seed germination and post-emergence mortality 
of seedlings of chick-pea and lentil, juvenile hatching 
of root-knot nematodes, M. incognita and M. javanica and 
m vitro growth of Rhizobium were also examined. 
For the interaction studies, two pulse crops chick-
pea, Cicer arietmum L (cv. T-3) and lentil Lens culmaris 
Medic. (cv. T-36) were invariably used as test crops and 
at the termination of the experiments, the interactive 
effects were assessed using plant growth (length, fresh 
and dry weights of shoot and root), yield (flowering and 
fruiting), leaf pigments (chlorophyll a,b and total chlo-
rophyll), seed proteins (soluble and insoluble) and leaf 
epidermal characters (number of stomata, size of stomata 
and stomatal aperture, and number and length trichomas 
and trichome-hydathodes) as parameters. Rhizobium inocula-
tion, wherever required according to the design of the 
experiments, was done at the time of seed sowing. Inoculum 
level for M. incognita and M. j avanica m the studies 
was consistently 1000 J-^ /pot and inoculations were done 
30 days after seed sowing. 
Air pollution monitoring data showed that in the 
vicinity of the Thermal Power Plant, Kasimpur, SO^, NO 
and SPM were present in the ambient air and their concen-
tration was greater at 1/2 km site (K. ) than 2 km site 
(K„) from the pollution source. The particulate matter 
deposition was also greater at the closer site than the 
distant site. Survey conducted around the Thermal Power 
Plant, Kasimpur showed that crop fields of chick-pea and 
lentil were infected with M. incognita and M. ]avanica. 
Root-knot disease on the crops appeared to be influenced 
by the ambient air pollution. The disease incidence on 
the crops and gall formation and eggmass production of 
the root-knot nematodes was related to the air pollution 
level which depended on direction and distance from the 
pollution source. Root galling and eggmass production incr-
eased with the decreasing pollution level. Root nodulation 
by Rhizobium on the crops was also found to be affected 
by the pollution and nodulation decreased with the increa-
sing pollution level. The air pollution also caused early 
death of root nodule and more non-functional nodules were 
recorded under the pollution stress. Root nodules were 
also found infected by the root-knot nematodes, which 
decreased with the increasing air pollution level. But 
at a very low level of pollution, greater infection of 
root nodules occurred. 
Air pollution induced symptoms on the foliage of 
chick-pea and lentil were detected. The intensity of the 
symptoms was also pollution level dependent. The lentil 
plants showed more sensitivity than chick-pea. 
The studies on the effect of ambient air pollution 
on seed germination and post-emergence mortality of seed-
lings conducted at the two sites, 1/2 km and 2 km away 
from the pollution source showed that ambient air pollution 
supressed seed germination of chick-pea and lentil, and 
induced greater post-emergence mortality of seedlings 
of both the crops. The suppression m seed germination 
of chick-pea was greater than lentil while post-emergence 
mortality of lentil seedlings was greater than chick-pea. 
The seed germination and post-emergence mortality of seed-
lings were correlated with the pollution level. 
Interaction studies on ambient air pollution, Rhizo-
bium and M. mcognita/M. javanica on chick-pea and lentil 
and their interactive effects on the crops, conducted 
at both the sites m polluted area showed that ambient 
air pollution suppressed plant growth and yield; reduced 
leaf pigments and seed proteins and influenced various 
leaf epidermal characters. Number of stomata, size of 
stomata and stomatal aperture and number and length of 
trichome-hydathodes (only in chick-pea) were adversely 
affected, while the number and length of trichomes on leaf 
surfaces showed an increase on pollution stressed plants. 
The ambient air pollution suppressed root nodulation by 
Rhizobium and gall formation and eggmass production of 
root-knot nematodes, M. incognita and M. javanica. The 
infection of root nodules by root-knot nematodes was also 
reduced. 
Rhizobium favoured plant growth and other considered 
parameters like yield, leaf pigments, seed proteins and 
some leaf epidermal characters but number and length of 
trichomes on leaf surfaces of both the crops were reduced. 
M. incognita and M. javanica, on the otherhand, suppressed 
plant growth and other parameters but increased the number 
and size of trichomes on the leaves. M. incognita was found 
to be more pathogenic than M. j avanica to both chick-pea 
and lentil. Rhizobium and M. incognita/M. javanica exhibited 
mutually inhibitory influences and interacted antagonisti-
cally. Their antagonistic interaction was reflected on 
various considered parameters of the crops. The interaction 
between ambient air pollution and Rhizobium was also anta-
gonistic. As a result, root nodulation was invariably 
suppressed. The ambient air pollution and M. mcognita/M. 
Javanica alone or m presence of Rhizobium interacted anta-
gonistically resulting m suppression of root galling and 
eggmass production. These interactions between the ambient 
air pollution and root-knot nematodes influenced the consi-
dered plant growth, yield and other parameters accordingly. 
Impact of S0_, 0-, and SO^+O-, on seed germination 
and post-emergence mortality of seedlings of chick-pea 
and lentil was studied under artificial exposures using 
two different concentrations, 0.1 ppm and 0.2 ppm singly 
and m combination. Influence of the pollutants on m 
vitro growth of chick-pea and lentil strains of Rhizobium 
and juvenile hatching of M. incognita and M. j avanica were 
also examined. The interaction of both the concentrations 
of air pollutants (S0_ and 0-.) singly and in combination 
with Rhizobium and M. mcognita/M. javanica and their 
interactive effects on the various parameters of the pulse 
crops were studied m the controlled exposure conditions 
m exposure chambers. The exposure of air pollutants started 
at three different times m relation to nematode inoculation 
(1000 J_/pot), i.e exposure started one week before nematode 
inoculation (pre-moculation exposure); exposure started 
at the time of nematode inoculation (simultaneous-inocula-
tion exposure); and the exposure started one week after nema-
tode inoculation (post-moculation exposure). 
30^,0-, and SO^+O, m artificial exposure inhibited 
seed germination of chick-pea and lentil and increased 
the post-emergence mortality of the seedlings. The effects 
were related to the concentration of the pollutants-
0.2 ppm being more effective than 0.1 ppm. The inhibition 
of seed germination was greater in chick-pea but post-
emergence mortality of seedlings was greater m lentil. 
In vitro growth of Rhizobium was inhibited by S0_ , 0, and 
SO^ + 0-, mixture. SO^ was more suppressive for the chick-
pea strain of Rhizboium while 0-, was more inhibitory to 
lentil strain of Rhizobium. S0_ and 0^, separately and 
m mixture also suppressed the juvenile hatching of M. 
incognita and M. javanica. The inhibition was greater for 
M. incognita. The adverse effects on Rhizbium growth and 
juvenile hatching of the nematodes were greater m the 
higher concentrations of the pollutants. 
SO^ and 0-,, singly and m mixture adversely affec-
ted plant growth, yield, leaf pigments, seed proteins 
and leaf epidermal characters of chick-pea and lentil. 
But trichomes on the leaves were promoted by the air 
pollutants. 0-. was more toxic than SO^ and the effect 
of SO^ and 0, mixture was greater than the individual 
pollutants at the same concentration. But SO^ and 0, showed 
antagonistic interaction and antagonistic interactive 
effects on various parameters at both the concentrations. 
SO- and 0, singly and m mixture suppressed root nodula-
tion by Rhizobium and root galling and eggmass production 
of M. incognita and M. j avanica. Root galling and egg-
mass production was highest m post-moculation exposure 
and lowest m simultaneous inoculation exposures of 
plants. In pre-moculation exposures of plants, root 
galling and eggmass production was greater than simulta-
neous inoculation exposure and was smaller than post-
moculation exposure of plants. Root nodulation was 
highest m simultaneous inoculation exposures and lowest 
m post-moculation exposures of plants. The infection 
of root nodules by nematodes was also adversely affec-
ted and was highest m pre-moculation exposure and 
lowest m simultaneous inoculation exposure of plants. 
The pollutants interacted antagonistically with Rhizobium, 
M. incognita and M. javanica singly or m combination 
and suppressed thear effects on various parameters, 
studied on both the crops. 
Seed germination and post-emergence mortality 
of seedlings of chick-pea and lentil, growth of chick-
pea and lentil strains of Rhizobium and juvenile hatch-
ing of M. incognita and M. ] avanica were examined m the 
acidic media of pH 6, 5, 4, 3.2 and 2.5. The interaction 
of simulated acid rams of pH 5 and 3.2 with Rhizobi um 
and M. mcognita/M. javanica and their interactive effects 
on various plant giowth, yield and others parameters were 
studied on chick-pea and lentil. The treatment of acid 
rain was started at three different times m relation to 
nematode inoculation i.e. pre-, simultaneous and post-
inoculation exposures. 
Poor seed germination and greater post-emergence 
mortality of seedlings of chick-pea and lentil occurred 
m acidic range pH. These were correlated with acidity 
level. Inhibition of seed germination of chick-pea was 
greater than lentil while post-emergence mortality of 
seedlings was greater m lentil than chick-pea. 
The acidity of the medium suppressed iji vitro 
growth of Rhizobium and the growth showed a direct corre-
lation with the pll. Chick-pea strain of Rhizobium was 
more sensitive than the lentil strain. Complete inhibi-
tion of growth of chick-pea and lentil strains occurred 
at pH 3.2 and 2.5 respectively. Juvenile hatching of 
M. incognita and M. ]avanica was suppressed by the pH 
in acidic range and was correlated with the acidity level. 
Simulated acid rains retarded plant growth of 
chick-pea and lentil and reduced yield, leaf pigments, 
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seed proteins and some of the considered leaf epidermal 
characters. Trichomes response was favourable to their 
application and their number and length increased. 
Root nodulation by Rhizobium on both the crops 
and root galling and eggmass production of M. incognita 
and M. :]avanica were inhibited by the acid rams. In the 
study, on all kinds of influences on various parameters, 
acid ram of pH 3.2 was consistently more effective than 
of pH 5. Root galling and eggmass production due to 
acid rain treatment m relation to nematode inoculation 
was highest m post-moculation exposure and lowest m 
pre-moculation exposure of plants. Root nodulation and 
infection of root nodules by the nematodes were highest 
m pre-moculation exposure and lowest m post-moculation 
exposure of plants. 
Simulated acid ram interacted antagonistically 
with Rhizobium and M. mcognita/M. javanica individually 
and in combination, and as a result both the organisms 
were suppressed and the interaction reflected m various 
parameters, considered m the study. 
The impact of flyash polluted soil was studied by 
collecting the soils from 1/2 km (S.) and 2 km (S-) 
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away from the stack of the Thermal Power Plant, Kasimpur 
which were also the sites for ambient air pollution study. 
For artificial amendment of the unpolluted soil, flyash 
was collected from the thermal power plant. The unpolluted 
soil was amended with the flyash by mixing 10,20 100% 
flyash. 
Physico-chemical analysis of the ambient flyash 
polluted soils showed that addition of flyash emanating 
from the thermal power plant had improved porosity, 
water holding capacity, conductivity, cation exchange capa-
city, organic matter, sulphate, carbonate and bicarbonate 
conents of the soils. Flyash lowered the soil pH. 
Seed germination of chick-pea and lentil were 
inhibited and greater post-emergence mortality of the 
seedlings occurred m ambient flyash polluted soils. 
The inhibition m seed germination was greater in chick-
pea than lentil while post-emergence mortality of lentil 
seedlings was greater than lentil. In these respects, 
soil of 1/2 km site (S. ) was more effective than 2 km 
soil, because flyash concentration was greater in 1/2 km 
soil. Seed germination of chick-pea and lentil in flyash 
amended soil showed stepwise decrease with the increasing 
concentration of flyash. Mortality of the seedlings also 
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increased with the increasing concentration. 
Juvenile hatching of M. incognita and M. javanica 
was inhibited m the ambient flyash polluted soils. 
The inhibition was greater for M. incognita than M. 
3 avanica. Juvenile hatching of M. incognita and M. javanica 
showed a stepwise increase m inhibition m the flyash 
amended soil with the increasing flyash concentration. 
The hatching was completely suppressed at 80 and 90% 
flyash level, respectively. 
Flyash pollution of the soil increased the plant 
growth and yield and other considered parameters, m rela-
tion to leaf pigments, seed proteins and leaf epidermal 
characters. However, a decrease was observed m the number 
and length of trichomes on the leaves. Effects of 1/2 km 
soil on all the parameters was invariably greater than 
2 km soil. In the study on impact of flyash amended soils 
where various levels of flyash (10, 100%) were used, 
similar effects occurred on plants of the crops. An 
increase in their growth and other considered parameters 
occurred upto 50% for chick-pea and 60% for lentil. Beyond 
these levels, flyash exhibited toxic effects on plants. 
Flyash was also toxic to Rhizobium and inhibited root 
nodulation. This inhibition was related to the level of 
1 3 
flyash. Inhibition on root nodulation was greater m 
1/2 km soil than 2 km soil. A stepwise decline m root 
nodulation was observed with increasing level of flyash 
and it was completely inhibited at 90% in chick-pea and 
80% in lentil, rlyash, however, favoured the gall formation 
by M. incognita and M. ]avanica but the eggmass production 
by both the species of Meloidogyne was inhibited by the 
flyash m the ambient flyash polluted soil. The effects 
of 1/2 km soil was greater than 2 km soil on gall formation 
and eggmass production by the nematodes. Similar effect 
of flyash was also observed m the amended soils. Gall 
formation by M. incognita and M. ] avanica was favoured 
by flyash upto 50%. Further increase m flyash level caused 
inhibition of root galling. But flyash suppressed eggmass 
production of both M. incognita and M. ]avanica and 
suppression became greater with the increasing concentra-
tion. Flyash completely inhibited the root galling and 
eggmass production at 90 and 70% level, respectively. 
Flyash at lower levels (upto 50%) favoured the infection 
of nodules by the nematodes. Flyash also suppressed the 
favourable effects of Rhizobium and unfavourable effects 
of M. incognita and M. javanica, gradually with the 
increasing concentration, indicating antagonistic intera-
ction and this reflected m all the considered parameters. 
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It appears from the study that overall impact of 
gaseous air pollutants originating from the Thermal Power 
Plant, Kasimpur are harmful for the crops like chick-pea 
and lentil. The air pollutants are also harmful for root 
nodulation by Rhizobium and at the same time suppress the 
disease caused by root-knot nematodes. Though some benefit 
IS derived by the plants through the suppression of root-
knot nematodes, the crops still suffer from air pollution 
stress. Similar pattern in response of the crop plants, 
Rhizobium, root-knot nematodes was also observed m artifi-
cial treatment conditions. The simulated acid ram also 
had similar impacts. Flyash, originating from the thermal 
power plant, at the lower levels m soil is beneficial for 
the crop plants but it is harmful to Rhizobium as well 
as for eggmass production of the root-knot nematodes but 
favours root galling. But at higher levels it becomes 
harmful to the crop plants, Rhizobium and root-knot nema-
todes. The overall interaction between root-knot nematodes 
and studied air pollutants is antagonistic for the root-
knot nematodes and Rhizobium on the crops and the inter-
active effects are, in general, harmful for the crops. 
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I isTT-RODUcz-r I oisr 
With the evolution of our civilization, rapid growth 
of industries and urban areas were necessary and foremost 
requirements for the betterment of human life. But this 
is being accomplished by neglecting the natural environment 
and hazardous substances originating from human activities 
are being continuously added to it. This is gradually assum-
ing enormous proportion throughout the world but m develop-
ing countries the condition is more worse because of limited 
resources, expensive technologies and imperfect implemen-
tation of legislations for the pollution control. Air which 
IS necessary for all is most affected. Polluted air affects 
both non-living objects and living organisms. The air pollu-
tion IS also affecting the stratospheric ozone which serves 
as protective layer from the space radiation. Air pollution 
also creates problem of acid through atmospheric precipi-
tation. The intensity of all these problems of air pollution 
differs from place to place. Particulate air pollutants 
are the ma:] or problems in developing countries while in 
developed countries gaseous air pollutants and acid ram 
are more important. Among the gaseous air pollutants, SO-, 
NO,^ , CO andCO_are ma] or air pollutants m developing count-
ries. In metropolitan cities of the developing countries 
PAN and 0^ are also present but in lesser quantities than 
the developed countries. 
The pollutants released m the atmosphere cause 
stress on the plants directly and indirectly. Since over 
90% of the plant weight is derived from the atmosphere, 
the air quality is directly related to the plant growth. 
Air pollution stress may lead to reduced yield. Significant 
reduction m yield can result without visible sign on the 
plants. However, a number of air pollutants induce various 
kinds of symptoms on agricultural, horticultural and forest 
plants. In U.S.A., it w^ s estimated by the Environmental 
Protection Agency that m 1 976 annual losses to agricul-
tural production caused by diminished air quality was 
around 2.9 billion dollars. Air pollutants are reported 
to cause yield losses m soybean, peanut, cotton, 
tobacco, vegetable crops, ornamentals and other different 
kinds of plants (Heck e_t aJ^ . 1986). 
Root-knot nematodes (Meloidogyne species) as plant 
pathogens are of international significance. They are 
ubiquitous m distribution and readily attack agricultural 
crops all over the world. Of nearly 70 species of Meloidogyne 
described so far, 4 species viz., Meloidogyne incognita 
(Kofoid and White) Chitwood, M. j avanica (Treub) Chitwood, 
M. arenaria (Neal) Chitwood and M. hapla Chitwood are recog-
nised as major species as they are most common and damaging 
(Taylor e_t aA. , 1982). The average crop yield loss is esti-
mated to about 25% with damage m the individual fields 
ranging as high as 60% (Sasser, 1980; Sasser and Carter, 
1982). They induce galling on the roots and their saccate 
sedentary females find feeding sites m the stelar region 
of the roots and by establishing intimate host-parasite 
relationship induce development of giant cells around their 
necks which serve as their source of nutrition. The feeding 
of nematodes has great impact on the host physiology. The 
extensive anatomical and physiological changes withm the 
host impairs the various physiological functions (Lewis, 
1987; Wallace, 1987; Wilcox-Lee and Loria, 1987). 
Root-knot nematodes interact with a number of fungal, 
bacterial and viral plant pathogens. Intractive effects 
are generally at disadvantage to the host. (Powell,1971 a, 
1971b; Taylor 1979; Khan, 1984; Sikora and Carter, 1 987 ) . 
Interactions of root-knot nematodes with nodule 
forming bacteria have been studied on some leguminous crops 
(Huang, 1987). The importance of symbiotic nitrogen fixation 
by nodule forming bacteria of the genera Rhizobium and 
Bradyrhizobium (earlier Rhizobium japonicum) are well known 
for many years. However, the role of root-knot nematodes 
in the symbiosis between bacteria and legumes is much less 
well known. Root-knot nematodes, legumes and bacteria are 
all mter-connected m complex ways. It is established 
that the concurrent nematode infection reduce the total 
benefit from the nitrogen fixing bacteria (Lehman e_t al. , 
1971; Taha and Raski, 1969). Environmental conditions also 
affect interaction in this system (Dropkm, 1980). 
As air pollutants including acid ram affect plants 
directly or indirectly, it is plausible to expect that 
organisms, parasitic or non-parasitic associated with the 
plants will also be influenced in some way. Various air 
pollutants affect symbiotic nitrogen fixation at different 
levels. In general, N-fixation is inhibited resulting from 
reduction m the nodulation and suppression in bacterial 
population because of impact of air pollutants on plants. 
Ozone, sulphur dioxide, particulate matters and acid ram 
have been found to suppress N-fixation by the species of 
Rhizobium and Bradyhizobium (Tmgey and Blum, 1973; Shrmer 
and Johnston, 1981 ) . 
There are a few reports indicating influence of 
air pollutants on plant parasitic and saprobic nematodes 
but little work has been done on this aspect. Exposures 
of soybean plants, inoculated with nematodes, to 0, and 
0^-302 mixture caused inhibition of reproduction and deve-
lopment of Heterodera glycines and Paratrichodorus minor 
but Belonolaimus longicaudatus remained unaffected. On 
the other hand, reproduction of Pratylenchus penetrans 
was enhanced, when exposed to SO., m comparison to charcoal 
filtered air control or to 0^. Nodulation m plants para-
sitised by B. longicaudatus and P. minor was inhibited, 
but m plants parasitised by P. penetrans, no such effect 
was observed (Weber e^ a_l_. , 1979). In a study on interaction 
of 0, and P. penetrans, negative effect of 0^ was enhanced 
m the presence of P. penetrans (Shew e^ a]^. , 1982 1. Tobacco 
plants infected with root-knot nematode, Meloidogyne hapla 
are reported to become more susceptible to ambient ozone 
(Bisessar and Palmer, 1984). 
In India, air pollution through industries is becom-
ing increasingly common. Thermal power plants, oil refine-
ries and other small industrial units using coal or oil 
as fuel are ma]or sources of air pollution m India. A 
variety of crops are grown around such industries, which 
might suffer a great loss m case one or other disease 
become more aggressive under specific pollution conditions. 
A thermal power plant m Kasimpur situated m Aligarh 
district m the State of Uttar Pradesh (India) about 15 )<.m 
from the Aligarh Muslim University campus within the para-
llels 27° 29 'and 28° 11 ' north latitude and 77° 29* and 78°38' 
east longitude at 195 m above sea level is known to cause air 
pollution m the area. Impact of air pollutants emanating 
from this thermal power plant on growth characteristics 
and anatomical features of some plants have been studied 
(Ghouse and Amani, 1978; Ghouse and Khan, 1978). Interactions 
of air pollutants and plant parasitic nematodes have not 
received the attention of investigators m India and only 
a few attempts have been made m some developed countries. 
The impact assessment of air pollution on plants when they 
are infected with root-knot nematodes is the main objective 
of the present study. 
Pulse crops, one of the most important crop plants 
throughout the world,are the major source of protein to the 
vegetarian population particularly m India. Pulse crop plants 
are symbiotically associated with N-fixing bacteria, Rhizobium 
species and Bradyrhizobium japonicum, which develop nodules 
on the root system. Pulse crops are also frequently infected 
by root-knot nematodes (Meloidogyne species). 
In the present study, individual and interactive effects 
of air pollutants, root-knot nematodes and root nodule bacte-
ria on some pulse crops like chick-pea (gram) (Cicer arieti-
num L.) and lentil (Lens culmaris Medic.) have been examined 
both in ambient condition around the Thermal Power Plant, 
Kasimpur and m glasshouse under artificial treatments. The 
effects of their interactions on root-knot nematodes m rela-
tion to root galling and eggmass production and root nodule 
bacteria m relation to root nodulation have also been 
assessed Other aspects taken into consideration are given 
in respective sections m the thesis. The following five 
experiments were conducted and each is presented m the thesis 
separately as a section with independent brief introduction, 
materials and methods, results, discussion and summary. The 
literature review and literature cited for all the sections 
are given jointly. 
Section I Impact of ambient air pollution on root-
knot disease and root nodulation on chick-
pea and lentil in the vicinity of the Thermal 
Power Plant, Kasimpur. 
Section II Interaction of ambient air pollution, root-
knot nematodes and root nodule bacteria 
on chick-pea and lentil. 
Section III Interaction of S0_/O-,/SO^-0-, mixture, root-
knot nematodes and root nodule bacteria 
on chick-pea and lentil. 
Section IV Interaction of simulated acid rain,root-
knot nematodes and root nodule bacteria 
on chick-pea and lentil. 
Section V Interaction of ambient flyash polluted soil/ 
flyash amended soil, root-knot nematodes 
and root nodule bacteria on chick-pea and 
lentil. 
Studies on inter-relationship between air quality 
and agricultural plant ecosystem are necessary m order 
to improve the yield of agricultural crops, as suggested 
by Heck (1982), mainly because the phytotoxic air pollutants, 
alone or in mixtures, are responsible for substantial yield 
losses m several crops. Air pollutants are now of great 
concern to agricultural scientists, because they injure 
plant foliage, significantly alter their growth and yield 
and change the quality of the marketable plant products. 
The air pollutants are also supposed to increase or decrease 
the plant diseases caused by biotic plant pathogens (Heagle, 
1973) . 
Air pollution IS a source-transport-effect phenomenon 
and as such is analogous m many ways to the plant disease. 
To obtain a clear understanding of how air pollutants affect 
plants, it IS important to know what are compounds that 
damage plants and where and how they originate. Broadly 
the air pollutants are of two types (Wood, 1968): 
1. Primary pollutants 
2. Secondary pollutants 
Primary pollutants are those that originate at the 
source m a form toxic to plants, e.g. SO^ , HF, NH 3 , CO, 
CO^, etc. Secondary pollutants are the result of reactions 
between pollutants originating from the source and other 
atmospheric factors e.g. PAN, 0^, acid ram. On the basis 
of their physical appearance, the air pollutants can also 
be grouped into two categories - gaseous and particulate 
air pollutants. The most common gaseous air pollutants 
injurious to plants are 0^, PAN, S0_, Cl_, C_H,, HF, H_S, 
NOx, etc. and the major particulate air pollutants include 
coal dust, flyash, cement dust, soil dust particles etc. 
Some primary air pollutants like NOx, S0_ released into 
the atomosphere, when come in contact with the water and 
atmospheric precipitation are converted into the acids and 
fall down. This conditaon of environmental pollution is 
called 'Acid ram' (Likens and Bormann, 1974). According 
to Das (1986) acid ram is the most acute and severe problem 
m developed countries, while m the developing countries 
acid rain problem is not so serious. The particulate air 
pollutants are the major problem m developing countries. 
In India, 40-44% of air pollutants are particulate matters 
and these are extremely troublesome, posing a great threat 
to plants and other living beings (Das, 1986). 
AIR POLLUTION EFFECTS ON PLANTS 
Study of plant diseases caused by air pollution began 
in the 19th century (Heagle, 1973). As the pathogenic disea-
ses, the extent and nature of injury or damage caused by 
air pollutants is determined by genetic and environmental 
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factors of plant as well as by level and duration of exposure 
to pollutants, the terms injury and damage are often used 
interchangeably (Guderian et al. , 1960). The designation 
pathogen is given to the living inducers of diseases by 
many pathologists. But diseases induced by abiotic factors 
e.g. air pollutants, drought, extremes of temperature etc. 
have many features in common with those induced by biotic 
pathogens. For this reason, Cowling and Horsfall (1979) 
preferred to use term 'pathogen' to denote any inducer 
of disease. Several workers have reported the effects of 
different air pollutants on the plants. These pollutants 
affect physiology and biochemistry of plants resulting in 
the visible symptoms like chlorosis, necrosis, early senes-
cence, stunting and several other symptoms depending upon 
the types of air pollutant involved (Darley and Middleton, 
1966; Brandt and Heck, 1968; Barret and Benedict, 1970). 
The plant sensitivity and resistance to air pollutants is 
altered when the concentration and duration of exposure 
exceed the plant's genetic capability to withstand the stress 
(Remert et^  aJ^ . , 1 982^ . 
GASEOUS AIR POLLUTANTS (PRIMARY TYPE) 
Sulphur dioxide (S0„) 
Sulphur dioxide, a pollutant known for more than 
1 00 years to be toxic to plants is emitted from the combus-
tion of coal, production, refining and utilization of petro-
leum and natural gas, manufacturing and industrial utiliza-
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tion of sulphuric acid and sulphur and the smelting and 
refining of ores, especially of copper, lead, zinc and nickel. 
The combustion of coal represents the major source of S0_ 
and the amount of SO^ emitted depends upon sulphur content 
of the coal, among the other things. The sulphur content 
of the coal varies from 1% to 6% of the total weight. The 
coal burning power plants represent the most important single 
source of SO2 (Wood, 1968). The concentration of sulphur 
dioxide at ground level depends upon the amount and concen-
tration (s) of emission, distance from the source and meteo-
rological and topographical conditions. In general, SO^ 
concentration decreases rapidly with distance from the source 
and with increased air movement. S0_ concentration near 
point sources, such as coal burning power plants and smelters, 
with little or no pollution control equipment, may be high 
as 1-3 ppm. In large urban areas S0_ concentration may range 
from 0.05-0.40 ppm (Heagle, 1973). 
In general, SO^ causes several types of symptoms 
on plants and plant parts. It enters through the stomata 
m the mesophyll tissue of the leaves and reacts with water 
to produce sulphite ion which is slowly oxidized to sulphate 
ion. The sulphate ion may then be utilized by the plant as 
nutritional sulphur and converted to organic form (Thomas 
et al. , 1944). The sulphite and sulphate ions are toxic 
to plant cells when present m excessive amounts. The sulphi-
te ions are, however, about 30 times more toxic than the 
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sulphate ions (Thomas et a_I. , 1943). Due to the S0„, two 
general types of markings designated as chronic markings 
and acute markings, appear depending upon the accumulation 
of sulphite ions. The chronic type markings are general 
chlorotic appearance of the leaf, mild chlorosis, yellowing 
of leaf and silvering or bronzing of the under surface. In 
some plants white type of chronic markings and appearance 
of red, brown or black coloured patches on the leaves are 
seen (Barret and Benedict, 1970). Acute injury resulting 
from the absorption of lethal quantities of SO^ appears 
as marginal or interocostal areas of dead tissue. These 
areas at first show a grayish-green water-soaked appearance 
but on drying become bleached ivory in colour. After a 
period of time, the dead or necrotic areas may fall out 
leaving a very ragged appearance on the leaf. When the 
major portion of the leaf is so injured, an abscission 
layer is often formed at the base of the petiole and the 
leaf IS shed (Barrett and Benedict, 1970). At low concentra-
tion, it causes chlorosis of leaves without formation of 
necrotic lesions and the veins characteristically remains 
green (Darley and Middleton, 1966; Agrios, 1978). 
As SO- enters through stomata, factors that affect 
stomatal opening influence the response to plants to SO-
(Thomas, 1951, 1961; Negherborn, 1966; Dames, 1968). Resis-
tance of plants to SO^ is also governed by soil moisture 
(Zimmerman and Crocker, 1934). When the leaves are turgid, 
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they are more sensitive to SO than the wilted, since wilted 
plants are likely to have closed stomata. Thus, soil mois-
ture stress greatly reduces the sensitivity of plants to 
SO2. Atmospheric humidity is also an important factor rela-
ted to SO- sensitivity of plants because it regulates stoma-
tal opening (Thomas et al,. , 1943). With high humidity, 
plants show greater SO^ sensitivity. Low concentrations 
of SOp also injure epidermal and gaurd cells leading to 
increased stomatal conductance and greater entry of SO-, 
in plants (Black and Unsworth, 1980). In some plants stoma-
tal conductance is, however, reduced during SO^ exposure 
and this reduction might be one mechanism of resistance 
(Kobriger £t aj^. , 1984; Winner and Monney 1980; Bonte e_t 
al. , 1977). The stomatal closure may be related with high 
SO- concentrations and opening to low concentrations 
(Unsworth and Black, 1981). Generally, SO- reduces net 
photosynthesis m all plants at all concentrations but 
dark respiration and transpiration are increased. Short 
and long term exposures have similar effects in this respect 
(Black and Unsworth, 1979; Mc Laughlin, et^  aA., 1979; 
Takemoto and Noble, 1982; Saxe, 1983a). Plants generally 
show rapid recovery of these processes after termination 
of exposure lasting upto several days. 
The effects of S0„ on the enzyme systems and metabo-
lic processes have been studied by several workers who 
observed changes m the activities of many enzymes. These 
changes are affected by SO2 concentration,plant species,plant 
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age and environment. In some cases, enzyme activity is incre-
ased by exposure of the plants to low levels of SO^ and 
decreased by higher concentrations (Horsman and Wellburn, 
1977; Soldatini and Ziegler, 1979; Wyss and Brunold, 1980; 
Pierre and Queiroz, 1982; Tanaka e^ aj^. , 1982). Plant meta-
bolism IS affected by SO^ m a variety of ways. SO stimulates 
phosphorus metabolism (Plesnicar, 1983) and reduces foliar 
cholorophyll concentration (Pandey and Rao, 1978; Lauenroth 
and Dodd, 1981 ^ . Carbohydrate levels are increased by low 
concentration of S0_ and decreased by higher concentrations 
(Kozoil and Jordon, 1978^. In soybean when exposed to S0_ 
significant reduction m yield was found due to loss 
in both seed weight and number of seeds produced by the 
plants, while seed quality was less affected. Although at 
higher exposure levels protein contents decreased slightly 
and concentrations of some mineral elements were altered 
(Sprugel et al^ . , 1980). 
S0_ altering the physiology and biochemistry of plants 
affects their growth, development and productivity signifi-
cantly. The effects of SO^ in both glasshouse and ambient 
air on the plants like wheat, soybeans, groundnut, maize, 
alfalfa, tomato, snap-bean, tobacco, cucumber etc. have 
been studied by several workers (Laurence, 1970; Lockyer 
and Cowling, 1981; Lotstem et aA. , 1983; Mishra, 1980; 
Mejstrick, 1980; Pandey and Rao, 1978; Saxe, 1983b, Sprugel 
et al., 1980) . 
15 
Oxides of Nitrogen (NOx) 
Nitric oxide (NO) and nitrogen dioxide (N0_) are 
the two significant gases m the nitrogen oxide group of 
air pollutants which are produced primarily by high-tempera-
ture combustion (Taylor and MacLean, 1970). Nitrogen oxides 
are produced from the oxygen and nitrogen in the air by hot 
combustion sources, such as open fires, furnaces and automo-
bile combustion chambers. Combustion of petroleum products 
are the major source of NOx. In this process nitric oxide is 
oxidised to nitrogen dioxide (Benedict and Breen, 1955; Agrios, 
1978). Nitrogen dioxide m concentrations of 2-3 ppm causes 
bleaching of plants similar to that caused by SO-, and it 
also produces necrotic lesions and excessive defoliation 
(MacLean ejt a_l^. , 1968; Agrios, 1978). There is no report of 
visible symptoms of leaf injury from nitric oxide (Taylor 
and MacLean, 1970). Acute foliar markings produced by high 
concentration of N0_ exposure are characterised by water-
soaked lesions, which first appear on the upper leaf surface 
followed by rapid tissue collapse. The lesions with time 
extend throughout the leaf and produce small irregular nectro-
tic patches. The nectrotic patches are usually white to tan 
or brovm but sometime bronze m colour. The intervemal lesi-
ons are prominent at the apex and along with margins, but may 
occur on the leaf surface (Benedict and Breen, 1955; Middleton 
et al^ . , 1958; Taylor and Eaton, 1966, MacLean e_t al,. , 1968). 
In chesseweed, Kentucky bluegrass and mustard, NO^ exposure 
16 
resuJtecf n^ a ooJished, dark waxy coating on the 
leaf surface which persisted for about 1 week after exposure 
while in sugarbeet, N0„ developed grey glazed appearance 
on the leaves (Czech and Nothdurft, 1952; Benedict and Breen, 
1955). MacLean ejt aj^ . (1968^ observed that besides the foliar 
symptoms, high concentration of NO^ causes abscission of 
leaves and fruits of citrus and defoliation of azalea and 
hibiscus. N0_ uptake is decreased with the increase in soil 
salinity which is associated with reduced stomatal conduc-
tance. Such impact of NO^ treatment of beans was observed 
by Fuhrer and Erismann (1980). 
Although the NO^ concentration and duration of expo-
sure are both important factors to be considered m deter-
mining the expected severity of injury to plants in the 
case of high concentration exposures, there is no direct 
relationship between time and concentration, except within 
very narrow ranges. The concentration of N0_ influences 
the extent of in;]ury more than the duration of exposure 
(MacLoan e_t a_l . , 1968). In the ambient condition, NO^ affects 
plant growth even at the concentrations less than 1 ppm 
(Taylor and Eaton, 1966). 
GASEOUS AIR POLLUTANTS (SECONDARY TYPE) 
Ozone (0^) 
Ozone IS the most important plant pathogenic component 
of photochemical oxidant air pollution. Exhausts of automo-
17 
biles and other internal combustion engines are probably 
the most important sources of ozone and other phytotoxic 
pollutants. Incompletely burned hydrocarbons and N0„ are 
released into the atmosphere by the automobile exhaust. 
In the presence of UV light, this N0_ reacts with oxygen 
and forms O^ and NO. The ozone may react with NO to form 
the original compound. But m the presence of unburned 
hydrocarbons NO reacts with hydrocarbons instead of ozone 
and therefore, 0-, is released m the atmosphere (Agrios, 
1978). The naturally produced 0^ concentration at ground 
level IS generally less than 0.03 ppm. 
Ozone enters through stomata in leaves, where it 
accumulates m the palisade layer ultimately causing bleach-
ing or discolouration and collapse of the palisade cells. 
0^ affects primarily expanding leaves, but not very young 
or old, mature leaves. 0^ causes tippling, mottling and 
chlorosis of the leaf, usually on the upper leaf surface. 
The colour of the affected leaves varies from light tan 
to red or almost black, depending upon the plant. Affected 
leaves of some plants such as citrus, grapes and pines drop 
prematurely (Darley and Middleton, 1966; Agrios, 1978). 
Plant response to 0-, is, however, dependent on various envi-
ronmental factors (Heck, 1968; Ting and Dugger, 1968). 
The most common symptom on many deciduous trees, 
shurbs and some herbaceous plants is localized thickening 
and pigmentation of tho cell walls resulting m sharply 
defined small dot-like coloured lesions fLedbetter e_t al. , 
1959). Generally the mtervemal region is in:)ured, so 
lesions are usually angular m shape. The veins are usually 
not affected except m plants where pigment formation takes 
place. Pigment formation can produce an overall colouration 
of the upper leaf surface when the lesions are dense (Heck 
et al. , 1970). Small unpigmented necrotic spots or more 
general upper surface bleaching is a common type of injury 
on most of herbaceous and many woody plants (Ledbetter e_t 
al. , 1959). When the injury becomes more severe then upper 
epidermal cells collapse and become colourless. A shiny 
oily or waxy appearance of the upper leaf develops m some 
plants during 0-, exposure. These symptoms disappear after 
the termination of the exposure. A water-soaked appearance 
often develops followed by drying and bleaching which results 
m typical bifacial necrosis within one or two days (Heck 
et al. , 1970). Epidermal cells remain uninjured while the 
palisade cells and spongy mesophyll become injured. Many 
injured cells remain alive but chloroplast is disrupted 
and the chlorophyll amount is reduced significantly (Hill 
et al. , 1961). Chlorotic mottling or chlorotic flecks are 
common symptoms on pine. Alfalfa develop large light green 
chlorotic areas with many irregular islands of normal green 
tissue dispersed m them. In some plants the tissue eventu-
ally becomes uniformly chlorotic and leaves may drop perma-
turely (Ledbetter et ad^ . , 1959). 
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The entrance of 0, into plant leaves through stomata 
IS well established. It has been observed that resistant 
bean cultivar have fewer stomata than a sensitive (suscepti-
ble) cultivar . During the exposure, stomata on the resistant 
cultivar showed partial closure, where as those on the 
sensitive cultivar did not show any closure (Butler and 
Tibbitts, 1979). Stomatal closure caused by moisture stress 
or other factors can protect even the sensitive species 
from injury (Macdowall, 1965). There are some evidences that 
0-. itself may induce stomatal closure, thus reducing the 
amount of 0-^  entering the leaf and contributing to the resis-
tance to 0-, injury m some plants ^Engle and Gabelman, 1966). 
Stomatal closure was more important than stomatal number 
m determining sensitivity. Bean plant showed stomatal clo-
sure even at low concentration ' Heck e^ a]^. , 1986K 
However, no relationship was found between 0-, sensitivity 
and the number of stomata or the rate of gas exchange m 
azalea, sweet corn, soybean and tobacco fGesalman and Davis, 
1978; Harris and Heath, 1981; neck et al.. , 1986^. In 
the controlled exposure conditions, the impact of 0-. on the 
several physiological activities like photosynthesis, respi-
ration, transpiration and the accumalation of starch, sugar, 
mineral etc. has been studied by several workers on different 
crop plants (Blum e^ aj^. , 1982; Hill and Littlefield, 1969; 
Jensen, 1981; Macdowall, 1965; Pell and Brennan, 1973; Todd, 
1958; Todd and Probst, 1963). 
Ozone is reported to cause various types of damages 
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in a number of crops like tomato, potato, cotton, pepper, 
sunflower, soybean, snapbean, clover etc. 0.04-0.10 ppm 
concentration of O.^  for 8 h is sufficient to produce visible 
foliar injury in sensitive plants while 0.08-0.20 ppm 0, 
for 8 h would be required to produce injuries in resistant 
plants (Heagle, 1973). Ozone in ambient conditions has 
been found to cause reduction in the tomato yield and was 
responsible for 85% of reduced fruit size along the gradient 
at the 0.10 ppm concentration for 20 h, 50% reduction in 
yield has been recorded (Oshima e_t aJ^ . , 1977a, 1977b). 
In the controlled exposure studies on several crop plants 
like tomato, potato, pepper, carrot, cotton, soybean, snap-
beans, clover, fescue etc., the impact of different concen-
trations of 0^ has been determined by various workers 
(Bennett e^ al. , 1979 Bennett and Oshima, 1976; Blum and 
Heck, 1980; Blum e^ aj^. , 1983a, 1983b; Clarke et a^. 1983; 
Grunwald and Endress, 1984; Henderson and Reinert, 1979; 
Letchworth and Blum, 1977; Manning and Feder, 1976; Oshima 
et a^. , 1979; Pell e^ al., 1980; Shimizu e_t a^. , 1981). 
Particulate air pollutants 
A major part of air pollutants are particulate matters. 
The major particulate air pollutants are coal dust, flyash, 
lime dust, cement dust, soil dust particles, etc. Important 
sources of particulates are production of coal and cement; 
combustion of coal, gasoline and fuel oil, lime kiln opera-
tions, incineration and soil erosion, agricultural burning 
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and wrong agricultural practices, volcanic erruptions, trans-
poration and construction etc. According to Das (1986), 
m the developing countries particulate air pollutants are 
the major problem, while :n the developed countries the prob-
lem of particulate air pollutants is not so important. In 
India, 40-44% air pollutants are of particulate type. 
Particulate matters settle on plant parts and cause 
severe damage to the plants. They cause chlorosis, necrosis, 
and death of the tissue, when the heavy deposition of the 
particles occurs. Many particles are byproducts of agricultu-
ral practices and are usually inert (Darley and Middleton, 
1966; Heck e_t a^. , 1970). Cement dust, alkaline m nature 
produces injury to plants in the close vicinity (Darley, 
1966). In a closed chamber study, wheat plants showed reduc-
tion m transpiration rate, chlorophyll content and producti-
vity due to cement dust pollution (Singh and Rao, 1981). 
Lime dust particles form encrustations on leaves of vegeta-
tion with a resultant reduction in photosynthesis, vigour 
and hardiness of the plants. Heck e^ aj^. , (1970) noticed 
that high particulate emmission from the different sources 
caused the reduction m quality of the vegetables and fruits 
growing close to the source. 
Colwill e_t aA. , (1979) observed dust deposits on 
the leaves of the plants grown along the road side with 
highly busy traffic. Such plants showed poor growth. There 
have been numerous reports that dust of varying origins 
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interfere with stomatal functioning mostly by filling and 
blocking the stomatal aperture (Ricks and Williams, 1974; 
Fluckiger et. aj^ . , 1978, 1979), increase leaf temperature 
(Eller, 1977; Fluckiger e_t aJ^ . , 1978) and transpiration 
(Beasley, 1942; Eveling, 1969), reduce photosynthesis 
(Darley, 1966), and increase the uptake of gaseous air pollu-
tants (Ricks and Williams, 1974). All these effects eventu-
ally result m poor growth of suffering plants. 
Acid rain 
Some NOj, primary air pollutants (S0_ and NO ) ^^^ con-
verted into acids after contact with water present in atmos-
phere and with atmospheric precipitation come down. This 
is referred to as acid ram. According to Cowling (1982) 
the phenomenon of rain fall acidification by pollutant 
emissions was recognized by Hales as early as 1757 m England 
and its effects were first examined by Robert Angus Smith 
as early as 1870s. However, modern attention to acid ram 
began m 1948 (Oden 1968). 
Acid ram of pH 3.0-3.6 are reported from Sweden, 
Norway and eastern United States. The average acidity of 
rainfall m eastern United States was estimated to be below 
pH 4.5 m 1972-73. The changes have been attributed to acidic 
substances formed m the atmosphere, mainly from oxides 
of sulphur and nitrogen produced during combustion of fossil 
fuels (Cogbill and Likens, 1974; Likens and Hermann, 1974). 
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Acid lain causes primarily the acidification and 
alteration of water and soil. It has been recognized that 
herbaceous plants are more sensitive to direct in:iury by 
acid ram than woody plants (Heck et. a_l. , 1986). The most 
striking effect on vegetation was reported on peatmoss 
(Sphagnum), an aquatic plant. Lakes were found to be acidi-
fied at the bottom upto 18 meter depth m Sweden (Grahn 
et al., 1974). Direct injury of terrestrial plants by artifi-
cial mists of simulated ram containing dilute sulphuric 
acid, increased leaching of nutrients from pmto bean and sugar 
maple seedling foliage (wood and Bormann, 1974^. In soybean 
and kidney bean plants when exposed to acid rain of pH 3.2 
and pH 6.0 for 17 weeks duration, intermittently in the 
field condition, no important effects were detected m number 
of pods formed, m soil acidity or m amounts of essetial 
elements m the soil or foliage of the plants. No significant 
difference were observed m fresh weight of shoots, roots 
or pods both m field and glasshouse (Shrmer and Johnston, 
1981 ) . 
Pollutant Mixture 
Pollutant mixture effects to plants were recognized 
m 1970s. The studies have generally shown increased effects 
with mixtures of pollutants over effects from individual 
pollutants. However, the combined effects of air pollutant 
mixture can be either synergistic, antagonistic or additive. 
Responses of plants to pollutant mixtures include visible 
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symptoms of injury, altered growth and development, physio-
logical and metabolic imbalances, and the accumulation of 
certain elements and metabolites. Decrease in plant growth 
and yield are often the critical agricultural responses. 
The most important pollutant mixtures are 0 + SO-,, SO-, 
+ NO^ and 0^ + SO2 + NO-. Several other pollutant mixtures 
like 0^ + NO^, SO2 + Hr, SO2 + NaF, NO2 + HF, 0 + H S and 
OT + acid ram are also known to cause injury m several plants 
(Remert, 1984; Heck e^ aA., 1986). 
On - S0_ mixture showed synergistic, antagonistic 
and additive interaction m the different concentrations 
on several crop plants (Shew e^ a_l^- » 1982 Ormrod e_t al. , 
1983; Shertz e_t a_l. , 1980; Foster et^  al^ . , 1983; Heagle and 
Johnston, 1979; Pratt et aj^ . , 1983). But m a study Olszyk 
and Tibbits (1982) recorded that the foliar injury, reduced 
leaf area, chlorophyll, leaf weight, did not show any intera-
ctive response when garden pea were exposed to 0.06 and 
0.27 ppm 0,, 0.11 and 1.72 ppm SO^ mixture for 2,4 or 8 h. 
ROOT NODULE BACTERIA 
Root nodule bacteria fix symbiotically the atmospheric 
nitrogen m association with legumimous plants. The nodule-
formmg bacteria belong to Rhizobium and Bradyrhizobium 
of the family Rhizobiaceae. Genus Rhizobium includes fast 
growing bacteria while the slow growing bacteria are included 
in Bradyrhizobium. (Jordan, 1982, Huang, 1 9B7 ). Rhizobium 
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and Bradyrhizobium aro gram negative bacteria, rod-shaped 
of short to nedium size. Usually nodule-formmg bacteria 
live freely in soil and in the root region of both leguminous 
and non-leguminous plants. However, they can enter into 
symbiosis only with leguminous plants, by infecting their 
roots and forming nodules on them. Different species of 
Rhizobium respond to the different plants. In legume-root-
nodulo symbiosis, root nodule bacterium is recognized as 
microsymbiont. When nodule becomes senescent after a period 
m nitrogen fixation, decay of tissue sets-m liberating 
motile forms of root nodule bacteria into soil which normally 
serve as a source of inoculum for the succeeding crop of 
a given species of legume ,'SubbaRao, 1 972 , 1 975 ). Root nodule 
bacteria penetrate m the root fiom the root hair through 
the intercellular spaces and form nodule m the upper corti-
cal regions. The core of a mature nodule constitutes the 
bacteroid zone surrounded by several layers of cortical cells. 
The volume of bacteroid zone m effective nodules has a 
direct positive relationship with the nitrogen fixed. The 
effective nodules are generally large and pink m colour 
due to leghaemoglobm (Borgcrson and Briggs, 1958^. 
ROOT-KNOT NEMATODES 
Root-knot nematodes (Meloidogyne species^, a highly 
destructive group of plant parasitic nematodes, are world-
wide in distribution. They have extensive host range and 
interact with a large number of fungi, bacteria and viruses. 
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In the areas vhere the root-knot nematodes are not managed, 
average crop yield losses are estimated to be about 25% 
with damage in individual fields ranging as high as 60% 
(Sasser, 1980; Sasser and Carter, 1982). Out of more than 
70 species of Meloidogyne known at present, 4 species viz., 
Meloidogyne incognita, Meloidogyne javanica, Meloidogyne 
arenaria, Meloidogyne hapla are recognized as most common 
and damaging throughout the world and are called major 
species of root-knot nematodes (Taylor et^ aJ. , 1982). These 
species cause root-knot disease in many different kinds 
of crops like cereals, vegetables, pulses, fibre-yielding 
crops, fruit crops, plantation crops, ornamentals etc. 
(Sasser, 1980; Sasser and Carter, 1982). Root-knot nematodes 
also interact with other plant pathogenic organisms synergis-
tically causing more loss to the plants. Most frequent inter-
action of root-knot nematode has been reported with fungi 
and bacteria (Powell 1971a, 1971b; Taylor, 1979; Khan, 1984; 
Sikora and Carter, 1987). 
INTERACTION OF NODULE-FORMING BACTERIA AND PLANT PARASITIC 
NEMATODES 
Root nodule bacteria are found in the nodules on 
the root surface of legumes while the plant parasitic nema-
todes have the different feeding sites depending upon the 
mode of parasitism. Some nematodes are surface feeder while 
others are endoparasitic. So, these nematodes interact with 
27 
Rhizobium in different patterns. Interactions of Rhizobi um 
spp. with sedentary endoparasites like Heterodera glycines 
and Meloidogyne spp. have been demonstrated on some crops. 
It has been observed that soybeans infected with H. glycines 
usually have few bacterial nodules (Barker ejt aj^. , 1972; 
Hussey and Barker, 1976). However, on clover Heterodera 
trif olii and M_ j avanica were not found to have much effect 
on nodules. Both nematodes reproduced well m nodules. Howe-
ver, nodules containing M. ]avanica deteriorated more rapidly 
than non-infected, reducing the total benefit from the nitro-
gen-fixmg bacteria (Taha and Raski, 1969). The formation 
of nodules on root-galls and gall formation on the nodules 
have been reported by Robinson (1961) and Taha and Raski 
(1969). Ayala (1962) reported parasitism of bacterial nodules 
by Rotylenchulus reniformis m Ca]anus mdicus. Nigh (1966) 
observed the reduction m nodulation of alfalfa by M. 
]avanica. Reduced nodulation due to root-knot nematode infec-
tion observed in soybean was because of the possibility 
that nematodes rendered the infected plant roots physiologi-
cally incompatible to the bacteria (Balasubramanian, 1971). 
Cyst nematodes, Heterodera spp. inhibit nodulation and 
N-fixation in most of the plants. A drastic reduction of 
total nitrogen m H. ;t r if o 111 infected plants caused their 
stunting. H. trifolii reproduced readily m white clover 
while the nodule number was altered by root suppression 
(Taha and Raski, 1969). Different races of H. glycines 
show different effects on root nodulation and N-fixmg capa-
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city of soybean. Race 1 was found more effective than race 
2 and 4. In race 1, nodulation and N-fixation increased 
initially but afterward decreased (Lehman e_t aA. , 1971 K 
Barker and Huising (1970) also reported the antagonistic 
mtei action between H. glycines and R. japonicum. Barker 
et al . (1971 ) found that R. j aponicum nodular tissue was 
unfavourable for cyst development of race 1 of t1. glycines. 
H. glycines also inhibits leghamoglabm content in soybean 
(Huang and Barker, 1983). Sharma and Sethi (1975) also repor-
ted that nematodes mterferred with the legheamoglobin con-
tent of the cowpea root nodules, with M. incognita causing 
more reduction than H_. caj a m . Bopaiah e_t aj^ . (1976) observed 
a reduced nodulation and less nitrogen content m mung (Vigna 
radiata) when M. javanica preceded Rhizobium. Xylary ele-
ments m soybean and peanut serve as barrier to the pene-
tration of migratory endoparasite like Pratylenchus penetrans 
and ectoparasite like Belonolaimus longicaudatus but some-
times these nematodes caused the deterioration of bacteroids 
present m the nodules of the Wando pea plants lacking xylary 
elements (Barker and Hussey, 1976). 
INTERACTION OF AIR POLLUTANTS AND ROOT NODULE BACTERIA 
On this aspect little attention has been given thus 
far. But in the studies carried out, it has been found that 
generally all the pollutants have negative effect over the 
root nodule bacteria. Rcmert and Weber (1980) have found 
that O reduced the number and dry weight of the bacterial 
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nodules m soybean. Blum and Tmgey (1977) have also repor-
ted that acute 0, exposure inhibited bacterial nodules 
in soybeans. SO and NO- alone and in mixture also signifi-
cantly reduced nodule number but no significant effect 
was observed on the individual nodule size. This reduction 
m nodule number resulted m the reduction of N-fixation 
m soybean (Klarer e^ a_l^. , 1984). 
The simulated acid ram of pH 3,2 also inhibited 
bacterial nodulation m soybeans and kidney beans. The 
total nodule weight was also reduced^ no significant differ-
ences were detected m average weight of individual nodules, 
which indicate that simulated acid rain appeared to have 
effect on nodule formation than the development of nodules 
which have once initiated. It is also reported that nodula-
tion was lesser m the plants, when acidified rain treatment 
was given on foliage only, compared with the plants having 
ram on both foliage and soil (Shriner and Johnston, 1981). 
The nodulation m soybeans and )<:idney beans has also been 
found to be inhibited by simulated acid ram of pH 3.2 
by Waldron (1978). He also found that hydrogen ions causes 
all these changes m nodulation rather than sulfate ions 
and suggested it a host mediated effect. 
INTERACTION OF AIR POLLUTANTS AND PLANT PARASITIC NEMATODES 
The effect of air pollutants on the host-nematode 
relationships has not yet been studied extensively. But 
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there are a few reports. Bassus (1968) observed that the 
saprophagous and predaceous nematode populations were more 
m the forest areas, severely damaged by S0_ and alkaline 
particulated material than the slightly damaged areas. Weber 
et al., (1979) studied the response of plant parasitic nema-
todes to 0, and S0_ , singly and m mixture. Selecting five 
plant parasitic nematode species with different modes of 
parasitism, they exposed begonia and soybean plants infected 
with the nematodes to SO^ singly or m combination, and 
to charcoal filtered control air and found different respon-
ses of the nematodes to air pollutants. Exposure of infected 
soybean plants to 0-, and 0,-S0„ mixture, inhibited reproduc-
tion and development of Heterodera glycines (sedentary endo-
parasite) and Paratrichodorus minor (ectoparasite) but the 
increase of Belonolaimus longicaudatus was unaffected. Expo-
sure of soybean plants to SO enhanced the reproduction 
of Pratylenchues penetrans (migratory endoparasite) compared 
with that m plants exposed to the charcoal filtered control 
air or 0^. Foliar injury of begonia by 0-, or 0-.-SOp mixture 
inhibited Aphelenchoides fragariae ^foliar migratory endo-
parasite). Suppressive effects on A. fragariae were greater 
m leaves pre'-^xposed to O, or 0-,-SO^  mixture rather than 
after leaves were inoculated with the nematode. 
Shew et^  aj^ . (1982) studied the response of tomato 
to possible interactions between 0-, and nematode (Pratylen-
chus penetrans) inoculations and found that the presence 
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°fP- penetrans attacking the roots enhanced the negative 
erfects oi O -SO^ on loaf growth but supressed the inhibitory 
effects of O -SO^ mixture on axillary shoot growth. In the 
ambient ozone exposure, 20% more galls developed on tobacco 
plants inoculated with root-knot nematode, Meloidogyne hapla 
when compared with plants sprayed with antioxidant. Increase 
in dry weight of shoot, root and biomass of plants sprayed 
with antioxidant was also observed. These results indicated 
that antioxidant indirectly reduced gall development. Thus 
the tobacco plants infected with M. hapla were found more 
susceptible to ambient 0, (Bisessar and Palmer, 1984). 
Shriner (1978), however, recorded decrease m root infection 
and reproduction of M. hapla infecting red kidney beans 
m field conditions, treated three times weekly with simula-
ted acid ram at pH 6.0 or 3.2 . 
In a recent study by Bolla and Titzsimmons (1988^, white, 
Scots and Austrian pmc seedlings were treated with simulated 
acid ram (pH 3.6^ and inoculated with specific pathotype 
of Bursaphelenchus xylophilus. Oleoresin concentration 
increased slightly and carbohydrate concentration decreased 
m acid ram treated seedlings. These changes were signifi-
cant m the white and Scots p m e seedlings, v/hen nematode 
inoculation followed the acid ram treatment. Vv'iltmg of 
seedlings was delayed and nematode reproduction decreased 
m acid rain treated white pine seedlings inoculated with 
B. xylophilus • Acid ram treated Austrian pme seedlings 
were resistant to B. xylophilus, but acid ram treated 
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Scots pine seedlings lost tolerance to B. xylophilus and 
wilted 50-60 days after inoculation. 
INTERACTION OF AIR POLLUTANTS AND OTHER PLANT PATHOGENS 
The interaction of air pollutants with several plant 
pathogens other than plant parasitic nematodes have been 
recognised and reviewed by several workers (Bruck and Shafer, 
1984; Darley and Middleton, 1966; Heagle, 1973; 1982; Heck 
e_t aj^. , 1986; Treshow, 1975). These plant pathogens are 
fungi, bacteria and viruses. 
Interaction of Air Pollutants and Fungal Plant Pathogens 
Investigations have been carried out on the interac-
tion of plant parasitic fungi and air pollutants both m 
ambient and m glasshouse conditions. The major air pollu-
tants known to affect the host parasite relationship of 
plants infected with fungi are SO-,, 0-,, HT and acid ram. 
S0_ usually inhibits the growth and development of 
plant parasitic fungi m the polluted area (Scheffer and 
Hedgcock, 1955; Skye, 1968). In some studies, it has been 
shown that with the increasing distance the effect of SO-, 
on disease incidence and development decreases notably 
(Linzon, 1958). Field observations have indicated that the 
obligate parasitic fungi are generally more sensitive to 
SO-, than non-obligate parasitic fungi. This has been substan-
tiated by the results of glasshouse studies m controlled 
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conditions (Wemstem e^t a_l. , 1975). SO^ was found to inhibit 
parasitism of wheat by Puccinia graminis, but type of wheat 
resistance to rust was critical in response depending upon 
different cultivars (Laurence et. a]^. , 1979). Non-obligate 
parasitic fungi are inhibited, stimulated or do not respond 
to S0„ pollution. Lxposures to S0_ decreased parasitism 
of bean by Uromyces phaseoli but did not affect parasitism 
of tomato leaves by Alternaria solani (Wemstein ejt aJ^ , , 
1975). The number of lesions caused by Helminthosporium 
maydis was found to decrease by 38% when exposed to S0_ 
on 8 days before inoculation (0.15 ppm for 14 h/day). If 
the exposures occurred on the 8 days before and on the 
2 days after inoculations the number of lesions decreased 
by 13-16% only (Laurence et: aj^ . , 1979). 
Weidensaul and Darling (1979) recorded increase in 
the number of lesions caused by Schirrhia acicola on needles 
of Scots pine seedling, when exposed to 0.20 ppm for 6 h 
of SO^ for 5 days. Fungal growth and spore germination were 
also affected by SO^. Within the plant tissues, the fungal 
hyphae showed resistance to SO^. The hypha of different 
fungi showed variations in sensitivity to SO2 doses (Mc 
Callen and Weedon, 1940). Botrytis sp. (cinerea type) in 
pure culture was resistant to 4.0 ppm concentration of SO-
for 11 h, while S^. acicola grew normally and produced viable 
conidia after exposure to 1.0 ppm SO2 for 4 h (Ham, 1971). 
Saunders (1966) found that Aspergillus niger, Alternaria 
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brassicicola and Didymellma macrospora were unaffected 
in nutrient solution containing 90 ppm equivalent S0_, while 
Penicillium was slightly stimulated in growth. The spores 
of most of fungi show great resistance to direct expoure 
to SO^r even at the high doses^Couey and Uota, 1961; Hibben, 
1966). Spore germination was inhibited more with increasing 
water content, in most of the fungi (Couey, 1965; Couey 
and Uota, 1961). Sharp (1967), however, reported that uredospores 
of Puccinia striiformis showed no resistance to SO exposure. 
0-, inhibits obligate fungus parasitism, whereas facul-
tative parasitism might be increased, inhibited or not affec-
ted. 0^ affects rust indirectly while powdery mildews seemed 
to be affected directly at the time of conidial formation, 
conidial germination and penetration. The mature spores 
showed resistance to ambient O^ pollution 'Heagle, 1973^. 
Uromyces phaseoli, an obligate parasite on bean, has been 
reported to have both negative and positive response for 
0-, m the controlled conditions 'Resh and Runeckles , 1973). 
Microsphaera aim was founa to be very resistant by Hibben 
and Taylor (1975) when exposed to 1.0 or 0.25 ppm of 0, 
for 6 and 72 h respectively. However, the powdery mildew 
of barley, Erysiphe graminis has been observed to be sensi-
tive to 0-^  during conidial development, germination and 
penetration fHeagle, 1973). Botrytis squamosa, a facultative 
fungus, developed two times more lesions on the onion plants, 
exposed to 0^ (Wukash and Hofstra, 1976, 1977), The response 
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of 0-, to Helmmthosporium maydis on maize leaves depends 
on the time of exposure m relation to the stage of fungus 
development as well as the concentration of 0-,( Heagle, 1977). 
James e_t aj^ . , (1980) claimed that Heterobasidion annosum 
can cause the death of pme tree in;]ured by 0^. Puccinia 
coronata , crown rust of oat was slightly in]ured by 0-^  and 
the uredia were significantly smaller in size, when exposed 
to 0.10 ppm O-^  for 6 h 10 days after inoculation (Heagle, 
1970). The small doses of 0^ was found to be inhibitory 
for sporulation of wheat stem rust, Puccinia graminis. This 
decrease m sporulation was due to m^iury of host mesophyll 
cells and decreased hyphal growth (Heagle and Key, 1973). 
Fungus colonies on culture media are not much affected 
by exposure to large doses of O^ although small doses can 
inhibit the colony growth, suppress development of aerial 
hyphae and decrease sporulation (Ingram and Flames, 1949; 
Hibben and Stotzky, 1969). In most of the fungi, the dry 
spores are more resistant to 0^ than wet spores (Hibben 
and stotzky, 1969) . 
Acid ram has been also recognised to affect the 
host-parasite relationship of several fungi. Simulated acid 
ram caused inhibition of Cronartium fusiforme on the willow 
oak inoculated with aeciospores. The number of infections 
a.nd telia were decreased when ram acidified to pH 3.2 with 
H so acid was appUed on each of 14 days before and after 
4 \ 
36 
inoculation (Ileaglo, 1982). The number of Helminthospori urn 
tnaydis lesions on maize increased when conidia were incubated 
m water at pH 3.5 before inoculation and the leaves were 
subsequently treated with rain at pH 3.5 (Shrmer, 19781. 
In a survey of fungi in the cement dust polluted 
area, Rai and Pathak (1981) found that total number of fungi 
associated with potato leaves were more in polluted area 
which indicated that cement dust was not inhibitory to fungi. 
The maximum number of Penicillium ]avanicum isolates was 
found m cement dust polluted areas while Alternaria solani 
was less. 
Interaction of air Pollutants and Plant Pathogenic Bacteria 
The effects of different air pollutants on plant 
pathogenic bacteria have been recognized (Heagle, 1973, 
1982; Laurence and Aluisio, 1981; Heck e_t aj^. , 1986K S O2 
exposure is reported to reduce the rate of lesion development 
and lesion size on plants suffering with bacterial diseases. 
Exposure time and dosage of pollutants have been observed 
to be limiting ^factors (Laurence and Aluisio, 1981). Coryne-
bacterium nebraskense was inhibited when maize plants were 
exposed continuously to S0„ on 5 days bfore inoculation 
or 2 days after inoculation or m both. The inhibition was, 
however, maximum m the 2 days post-moculation exposure. 
Similarly inhibition of Xanthomonas paseoli was found on 
soybean with exposure to SO^. It was highest m both 5 days 
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pre- or post-inoculation exposures (Laurence and Aluisio, 
1981 ) . 
Ozone IS also known to inhibit the bacterial plant 
diseases, especially the bacteria causing foliar lesions. 
Pseudomonas glycmea infecting soybean leaves, when exposed 
to 0, (0.08 or 0.25 ppm for 4 h) from 16 days to 1 h before 
inoculation or from 1 h to 1 day after inoculation, showed 
the decrease m number of lesions (Laurence and Wood, 1978a). 
Number of lesions on W3 Id strawberry infected with Xanthomo-
nas fragariae was decreased by 0-, (0.20 ppm for 4 h) (Lauren-
ce and Wood, 1978b). Simulated acid ram at pH 3.2 (0.63 cm 
over 10 minutes per day for 10 days) before inoculation 
is reported to increase the disease symptoms caused by £. 
phaseolicola on kidney bean. However, the symptoms were 
inhibited when the pH 3.2 ram treatments occurred on the 
11 days after inoculation (Shriner, 1978). 
Interaction of Air Pollutants with Plant Viruses 
There have been few attempts to study the response of 
virus and virus infected plants to air pollutants. There 
are reports that S0„ can increase viruses m plants of bean 
and maize irrespective of the duration of exposure. Southern 
bean mosaic virus and sulphur content in bean leaves were 
increased by contmous SO^ (0.10 ppm tor 7 days) exposure 
either before, after oi both before and after inoculation. 
Increase m the severity of infection and symptoms, without 
an increase in sulphur content, was observed for maize dwarf 
mosaic virus (MDMV) m plants exposed to So^ contmously 
before or after inoculation (Laurence e^ aj^. , 1981). 
Some workers have investigated the response of viruses 
to O, exposure. Davis and Smith (1974bl observed that pinto 
bean leaves were partly protected from 0, (0.25 ppm for 
4 h) when inoculated with bean common mosaic virus, 4,5 
or 6 days before exposure. The effect did not occur if plants 
were inoculated 3 days before exposure. Some viruses viz., 
tobacco ring spot, tomato ring spot, alfalfa mosaic and 
tobacco mosaic viruses also protected primary leaves of 
pmto beans from 0-,, when inoculated 5 days before exposure 
(Davis and Smith, 1974a). There are also other reports which 
show that different viruses protected primary leaves of 
soybean, pmto bean etc. from injury caused by 0-. (Davis 
and Smith 1974a; Vargo e_t al. , 1978K In field, tobacco 
anfected with TMV exhibited 60% less injury from amblen^ 
0-, (Bisessar and Temple, 1977^. However, tobacco streak 
virus caused significantly more injury in tobacco exposed 
to 0.30 ppm of 0^ for 3 h on 1 or 2 days at 3 weeks after 
inoculation (Remert and Goodmg,, 1978). 
The mechanisms for virus induced changes in plants 
response to 0-, are unknown. Decreased stomatal conductance 
has been suggested as the mechanism for protection, but 
this was not proved m some plants. Virus titre, plant age 
and season have been recognized as important factors (Brennan 
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1975; Vargo et al. , 1978). 
INTERACTIONS BETWEEN AIR POLLUTANTS, ROOT NODULE BACTERIA 
AND PLANT PARASITIC NEMATODES 
The interaction between air pollutants, root nodule 
bacteria and plant parasitic nematodes has not gained much 
study. Weber e_t a^ .. (1979) studied such interactions m 
a leguminous crop and recognized effects of interactions. 
During the study seven-day-old soybean seedlings were inocu-
lated with Rhizobium japonicum and later after 15 days from 
sowing, the transplanted soybean plants were inoculated 
with four plant parasitic nematodes, i.e. Heterodera glycines, 
Belonolaimus longicaudatus, Paratrichodorus minor and Praty-
lenchus penetrans and exposed to S0^,0, and 0-,-S0_ mixture. 
The effects of pollutant-nematode combinations on nodulation 
varied. Because of the severe inhibition of nodulation of 
soybean by H. glycines, the number of nodules from roots 
parasitized by this nematode did not differ among the pollu-
tant treatments. In contrast, nodulation in plants parasi-
tized by B, longicaudatus and P. minor was inhibited by 
exposure of soybean to O^ and 0-,-S0~ mixture as compared 
to the control and S0„ treated plants while P_. penetrans 
and 0-,-S0„ mixture did not show any remarkable effect on 
nodulation. In this study O^ and 0-,-S0_ mixture inhibited 
the growth of soybean both m the presence and absence of 
nematode and caused the injuries m leaves. 80^ inhibited 
the growth of soybean moon 1atpd with P.penetrans but did not 
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affect the penetration of H. glycines m soybean roots but 
inhibited the reproduction and development of B_. glycines 
and P_. minor while development of B. longicaudatus was 
unaffected. Exposure of soybean plant to S0_ enhanced the 
reproduction of F;. penetrans compared with that m plants 
exposed to charcoal filtered air or to 0,. 0^-S0_ mixture 
also showed similar effects but not much significantly diffe-
rent from the control. 
Air pollution effects on crop plants and plant disea-
ses are new and developing areas of research and informations 
available are still meager. But whatever has been done on 
the above aspects, gives indication of air pollution damage 
to crops. Similarly, plant pathogens affecting crop plants 
are directly or indirectly affected, though informations 
on this aspect are rather negligible. Air pollutants affect-
ing leguminous crops may imbalance their symbiotic relation-
ship, the nitrogen transformation system, so beneficial 
for nitrogen economy of legume cultivations. Some studies 
as summarized above show the possibility of imbalances m 
this system. This needs to be further and thoroughly investi-
gated and substantiated by more experimental data. Root-
knot nematodes also impair nitrogen fixing capability of 
the system. At the same time, air pollution may stress the 
host-parasite relationships of root-knot nematodes. This 
has yet attracted very little attention of investigators. 
The impact of air pollution on this system and possibility 
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of synergistic or antagonistic relationship that may develop 
between various kinds of air pollutants and root-knot nema-
todes on crop plants are very little known and need to be 
substantially investigated. It may gradually add a new dimen-
sion to the field of Plant Nematology. 
S EICZT I OlSf I 
IMPACT OF AMBIENT AIR POLLUTION ON ROOT-KNOT DISEASE AND 
ROOT NODULATION ON CHICK-PEA AND LENTIL IN THE VICINITY 
OF THE THERMAL POWER PLANT, KASIMPUR 
In the beginning of the study, the impact of ambient 
air pollution on root-knot disease and root nodulation 
on chick-pea and lentil was assessed by surveying the crop 
fields m the cropping season (November - March) m the 
vicinity of the Thermal Power Plant, Kasimpur. The thermal 
power plant annually consumes about 1,165,007 MT of coal 
and causes ambient air pollution depending upon the wind 
characteristics. During the surveys, samples of chick-pea 
(gram), Cicer arietmum L. and lentil, Lens culmaris Medic, 
were collected and processed m the laboratory for determin-
ing root-knot disease incidence, root galling and eggmass 
production, root nodulation, and for identification of 
species of root-knot nematodes and air pollution symptoms. 
The meteorological data of the area were also obtained 
from the Meteorological Department, Government of India. 
For comparative assessment an area, about 15 km 
away from the Thermal Power Plant, Kasimpur, m south-west 
direction, was assumed as unpolluted area. 
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Meteorological data 
The meteorogical data of the area where the Thermal 
Power Plant, Kasimpui is situated, m relation to wind speed, 
temperature, relative humidity and rainfall were collected 
from the Meteorological Department (Government of India), 
Aligarh. 
Survey and Collection 
Surveys of chick-pea (Cicer arietinum L.) and lentil 
(Lens culmaris Medic • ) fields were conducted m the polluted 
area around the Thermal Power Plant, Kasimpur and the unpo-
lluted area to assess the incidence of root-knot disease, 
extent of root galling and eggmass production, root nodula-
tion and air pollution symptoms during the cropping season 
(November - March) m 1986-1987. During the surveys, root 
samples of chick-pea and lentil from crop fields (10 samples/ 
field) were collected and packed m polythene bags with 
adequate labellmgs. The samples were brought to laboratory 
for examination. 
Air pollution symptoms 
The leaves of the plant samples collected during 
the surveys were invariably examined closely for detecting 
symptoms known to be caused by various air pollutants on 
plants. The symptoms where present were charactrerized and 
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matched with the synptomsgiven in 'Recognition of Air Pollu-
tion Injury to Vegetation : A Pictorial Atlas' (Eds. J.S. 
Jacobson and A.C. Hill). Air pollution Control Association 
Pittsburg, Pennsylvania, 1970. 
Root nodule bacteria 
The roots of the field samples collected during the 
surveys were washed clean and thoroughly examined for the 
presence of root nodules. The number of functional and non-
functional root nodules and nodules infected with root-knot 
nematodes m the field samples were counted with the help 
of binocular microscope. The pinkish healthy nodules were 
taken as functional and others as non-functional. The counts 
from the polluted area were compared with the samples collec-
ted from the unpolluted area. 
Root-knot nematodes 
The washed roots of each field sample were throughly 
examined for the presence of galls and eggmasses of the 
root-knot nematodes. The number of galls and eggmasses per 
root system were counted. The incidence of the disease was 
determined by the frequency of occurrence of the disease 
m the root samples. The frequency of occurrence of the 
root-knot disease on each pulse crop m each locality was 
calculated as follows : 
Number of root samples of a crop with 
Frequency of _ infection m the locality 
occurrenc(%) = Number of root samples of the crop ""^  °^ 
collected from the locality 
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Identification of species 
Root samples collected during the surveys were proce-
ssed for identification of the species of the root-knot 
nematodes. The characteristics of perineal patterns of fema-
les were employed for preliminary identification of species 
present in the field samples (Eisenback ejt aj^. , 1981). Then-
after, maintaining the root-knot nematodes present in the 
field samples in greenhouse on tomato ( cv. Pusa Ruby) or 
eggplant (cv. Pusa Kranti ) m separate pots and raising 
pure populations, North Carolina differential host tests 
were conducted to confirm the identity of the species (Taylor 
Sasser, 1978). 
Perineal pattern method 
To identify the species of Meloidogyne m the field 
samples, mature females were dissected out from large galls 
on the roots. Ten to twenty perineal patterns were prepared 
from each field sample and were viewed under the microscope 
to study their characteristics. Species were identified 
on the basis of the characteristics of the perineal patterns 
(Eisenback e^ aj^. , 1 981 ) . 
Differential host test 
North Carolina differential host tests (Taylor and 
Sasser, 1978) were carried out to confirm the identity of 
the species of Meloidogyne identified by perineal pattern 
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method. Seedlings of tomato cv. Rutgers, tobacco cv. NC95, 
pepper cv. California wonder, peanut cv. Florrunner, water-
melon cv. Charleston grey and cotton cv. Deltapine 16 were 
grown m clay pots having sterilized soil m triplicate. 
Two additional replicates of tomato were included to deter-
mine the time of termination of the test. 
After determining the number of freshly hatched ;]uve-
niles (J^) per ml, plants were inoculated with 5,000 J_/pot. 
Juveniles were added to a depression made m the soil at 
the time of transplanting. Inoculated pots were kept at 
greenhouse benches, f'lfty to sixty days after inoculation, 
roots were harvested and thoroughly washed with tap water 
and examined for the presence of galls. Roots with very 
light infection were stained with Phloxme B to determine 
the number of eggmasses. Galls and eggmasses were counted 
and gall index (GI) and eggmass index (EMI) were rated 
on 0-5 scale. After the rating of root system, results 
were compared with the differential host test reaction 
chart to identity the species (Taylor and Sasser, 1978). 
Meteorological data 
The location and layout map of the area where the 
Thermal Power Plant, Kasimpur is situated are given m 
Figs. 1 and 2. The meteorological data obtained are reported 
in Figs. 3,4,5 and 6. During the period 1986-87, for which 
the data are reported, the lowest minimum temperature during 
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winter was 5.32°C. The highest temperature during the summer 
season was 46.86 C (Fig. 3). The rainfall was lowest m 
the summer (April - June) and highest during rainy season 
(July - October). Highest rainfall (387 mm) was m July. 
During winter the highest rainfall was 36 mm (Fig. 4). The 
realtive humidity was high during winter (25.88% - 85.29%) 
and rainy season (35.56% - 91.76%) and low during summer 
(Fig. 5). The wind speed was highest m summer and lowest 
m winter season, specially m November. The wind speed 
gradually increased from November upto June and then declined 
(Fig. 6). 
Air pollution symptoms 
Chlorosis of leaves and necrosis of leaf margins 
were the symptoms observed on chick-pea and lentil, induced 
by the ambient air pollution caused by the Thermal Power 
Plant, Kasimpur. Presence oi absence of the symptoms, however, 
varied with the distance from the pollution source and direc-
tion. Chlorosis of leaves and necrosis of their margins 
m both chick-pea and lentil at 1/2 km distance were observed 
m all the directions. In E, SW, W and NE at 1 km such symp-
toms on leaves of both crops were also observed • At 1 km, 
distance m S and N directions, leaves of chick-pea did 
not show any symptom attributable to air pollution. Lentil 
leaves showed chlorosis m S but not m N direction. At 
2 km distance, m E, W and NE directions, leaves of both 
the crops exhibited chlorosis. In E direction only necrosis 
of leaf margins was shown by lentil leaves. At 4 km distance 
leaves of both the crops did not show any detectable symptom 
attributable to ambient air pollution (Table 1 and 2). 
Root nodulation 
The observations on root nodulation (number of nodu-
les/root system) on chick-pea and lentil grown around the 
Thermal Power Plant, Kasimpur are summarized m Table 1 
and 2. In general, inhibition of root nodulation on both the 
crops was observed at different distances and directions 
from the pollution source. At 1/2 km distance, root nodula-
tion and percentage of functional nodules on both chick-
pea and lentil were highest m N and were lowest m E direc-
tion. The percentage of functional nodules was greater on 
lentil than chick-pea. In SW direction at 1/2 km, the number 
of nodules infected with root-knot nematodes was also grea-
ter on lentil than chick-pea. In general, the total number 
of nodules and the percentage of functional and infected 
nodules were greater in unpolluted area than 1/2 km distance 
from pollution source. At 1 km distance, m all the direc-
tions, nodulation in general was inhibited on both the crops 
but the total nodules and functional nodules were greater in 
number than 1/2 km distance m the respective directions. 
On chick-pea the percentage of infected nodules were greater 
m SW than N direction. At 2 km distance, root nodulation 
was also inhibited in all the directions on both the crops 
but the inhibition was less m comparison to 1 km distance 
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m their respective directions. The number of nodules and 
percentage of functional nodules m E, W and NE and of infec-
ted nodules m E and W were greater on lentil than chick-
pea. The percentage of infected nodules in NE direction 
was greater on chick-pea than lentil. The percentage of 
infected nodules on chick-pea at 2 km m NE were greater 
than unpolluted area. At 4 km distance, inhibition m root 
nodulation was observed. But the extent of inhibition m 
comparison to other distances was less. The number of nodules 
and percentage of functional nodules were greater on lentil 
than chik-pea except the percentage of infected nodules 
which was greater on chick-pea than lentil. The number of 
total nodules and percentage of functional and infected 
nodules were greater than 2 km, 1 km and 1/2 km distance 
m E on both chick-pea and lentil. 
Root-knot disease 
The observations made during surveys on root-knot 
disease on chick-pea and lentil m different directions 
at various distances from the pollution source (stack of 
the Thermal Power Plant, Kasimpur) are reported in Table 
1 and 2. Two species of root-knot nematodes, Meloidogyne 
incognita (Kofoid and V/hite) Chitwood and M. j avanica (Treub) 
Chitwood were found infecting chick-pea and lentil wherever 
the disease was encountered. The root-knot disease was found 
only m south-west (SW) direction at 1/2 km distance from 
the pollution source (stack). The incidence of the disease 
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and root galling and eggmass production (number of galls/egg-
mass per root system) at 1/2 km distance m SW direction 
was relatively less than in the unpolluted area. In all 
other directions , east (E), south (S), west (W), north (N) 
and north-east (NE) at this distance (1/2 km) no infection 
was detected. The incidence of the disease and root 
galling and eggmass production were greater on chick-pea 
than lentil. At 1 km distance, the infection of root-knot 
nematodes was found m SW and NE direction. In NE, however, 
only chick-pea was infected. The incidence of the disease 
and root galling and eggmass production were poor at this 
distance m comparison to unpolluted area, but were greater 
than 1/2 km distance. The incidence and root galling and 
eggmass production on chick-pea were more m SW than NE. 
At this distance m SW also the disease incidence and root 
galling and eggmass production were greater on chick-pea 
than lentil. At 2 km distance, the disease was found m E, 
W and NE on both the crops. The disease incidence and root 
galling and eggmass production were less m all the three 
directions than the unpolluted area. The incidence of the 
disease and root galling and eggmass production were greatest 
m NE and lowest m E. The disease was greater on chick-
pea than lentil and was lower than unpolluted area. In E 
direction at 4 km on chick-pea, the disease incidence and 
root galling and eggmass production were greater than pollu-
ted area. On lentil the incidence of the disease was less 
at 4 km than unpol luted area but root galling and eggmass 
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production were greater. Even at this distance the disease 
was greater on chick-pea than lentil. 
In general the incidence of the disease and root 
galling and eggniass production of the nematodes on both the 
crops gradually increased with the increasing distance from 
the pollution source-
The thermal power plants consuming coal as fuel emit 
SO^ , NO and flyash, v/hich are mainly responsible for ambient 
air pollution (Wood, 1968; Gupta, 1981). The gaseous and 
particulate air pollutants cause injuries to plants which 
exhibit various types of characteristics symptoms mainly 
on the foliage (Jacobson and Hill, 1970). In the present 
observations m the vicinity of the Thermal Power Plant, 
Kasimpur, both chlorosis and marginal necrosis of leaves 
of chick-pea and lentil v/ere observed at the sites where 
the pollution level was high but at the sites, where the 
pollution level was low only chlorosis was detected. The 
symptoms shown by the crops, therefore, depended upon the 
pollution level which is influenced by wind speed, wind 
direction and the distance from the stack (Smith 1968; Thakre 
and Aggarwal 1985). The observation of more pollution induced 
symptoms closer to the stack (1/2 km distance) than othei 
sites shows that the appearance and intensity of the symptoms 
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were related to the level of ambient air pollution. A gradual 
decrease m the level of ambient air pollution with the 
increasing distance from the stack of the Thermal Power 
Plant/ Kasimpur was recorded as reported m the section II. 
Chick-pea and lentil crops m the vicinity of the Thermal 
Power Plant, Kasimpur were found infected with root-knot 
nematodes, M. incognita and M. ] avanica, that two most commonest 
species of the area. These species of root-knot nematodes 
are commonly found rnfesting crop fields m the area. The 
incidence of the disease and intensity (root galling and 
eggmass production) were less in the polluted area around 
the pollution source. The suppressive effect of air pollution 
on the disease may be direct, the pollutants acting directly 
on the nematodes or indirect mediated through the host plant. 
Poor growth of plants and diminished root system caused 
by the ambient air pollution might have affected the root 
galling and eggmass production, because the nematodes being 
sedentary endoparasites entirely depend for their nutritio-
nal supply on the host plant. The nutritional status of 
the host plant directly affects their growth, development 
and reporduction (Hussey, 1985). Ambient air pollution dele-
teriously affect crop growth (Remert, 1984; Heck ejt al. , 
1986). When the crop plants are adversely affected, the 
associated organisms which fully depend upon the host crop 
are liable to suffer. The direct effect of ambient air pollu-
tion may be due to toxicity of gaseous air pollutants which 
61 
enter the pore space of soil or of some heavy metals and 
other toxic substances like dibenzofuran and dibenzo-p-
dioxime mixture reported to occur in flyash (Bhatia, 1978; 
Helder e^ aj^ . , 1982; Kamath, 1979; Sawyer, et al_. 1983; 
Mishra and Shukla, 1986; Wong and Wong, 1986). The heavy 
metals like Hg, Co, Mn, B, Zn, Cd, Mo, Ni, etc. are inhibi-
tory to various plant pathogens and soil micro-organisms 
(Babich and Stotzky 1982; Bisessar and Rinne, 1983; V/ong 
and Wong, 1986). The results presented m the section II, 
show that ambient air pollution reduced plant growth parame-
ters of both chick-pea and lentil due to long term exposures. 
The direct effects of the air pollutants or indirect efffects 
through the host or both operating simultaneously might 
be responsible for inhibition of root galling and eggmass 
production by the root-knot nematodes. Reduction m extensive-
ness of the root system might have also limited the availa-
bility of infection sites for the root-knot nematodes. 
The disease incidence m the polluted area exhibited 
a gradation m all the directions, with the increasing dis-
tance from the pollution source. This demonstrated that 
the effect on the disease was directly related to the level 
of ambient air pollution. Since the concentrations of air 
pollutants with the increasing distance from the pollution 
source gradually became lower, the incidence and intensity 
of the disease increased accordingly. This was also supported 
by the variations observed m different directions at the 
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same distance ftom the point source, because the level of 
pollution and concentration of pollutants also depend upon 
wind direction 'Thakre and Aggarwal, 1985). At the 1/2 km 
except in the SW direction both chick-pea and lentil were 
free from root-knot disease. The SW direction site at 1/2 km 
was very close to a colony of houses inhabited by industrial 
workers. Attached with the houses were kitchen gardens, 
grown with vegetables like tomato, eggplants, peppers etc., 
most preferred host crops of root-knot nematodes. The domes-
tic v/aste water and watei from kitchen gardens are regularly 
discharged m the adjacent field plots which possibly add 
inoculum of root-knot nematodes. This regular source of 
root-knot nematode inoculum might be responsible for the 
occurience of the disease on the pulse crops, m fields 
very close (1/2 km) to the pollution source. In all other 
directions, the crops m the field at this distance of 
1/2 km were root-knot nematode free. Similarly, the presence 
of a temple and hutments with kitchen gardens might have 
contributed to the occurrence of the disease on chick-pea 
in NE direction at 1 km. At 2 km, wind direction might be 
responsible for the variation in the intensity of the disease 
m E,W and NE directions. The average air pollution level 
was highest m E because of the wind direction for most 
period of the year, llonco, the disease was least. This obser-
vation demonstrated the involvement of air pollution m 
the incidence and intensity of the disease. At 4 km, the 
incidence and intensity of the disease were highest among 
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the polluted sites. This was most distant site included 
m the surveys. The observations recorded, therefore, show 
that air pollution in general inhibited the root-knot disea 
se on both the pulse crops in ambient condition. The extent 
of inhibition was correlated largely with the ambient levels 
of pollutants, which in turn was controlled by the distance 
from the source and wind direction. The intensity and inci-
dence of the disease also varied between the two crops-
chick-pea and lentil. The relative sensitivity of the plants 
to ambient air pollution may be implicated as possible 
cause for this variation. 
Root nodulation on both the crops was also generally 
inhibited m the vicinity of the thermal power plant, the 
source of ambient air pollution. Air pollutants both m 
ambient and artifical treatment conditions have been demons-
trated to be inhibitory for root nodulation m legumes 
(Remert and Weber, 1980; Kumar, 1986). The extent of inhi-
bition, like root-knot disease, showed a correlation with 
the distance from the pollution source and direction, becau-
se of variations m levels of the air pollution. The root 
nodulation gradually increased with the increasing distance 
from the pollution sourer. This trend was more evident m 
usual wind-ward diiectjon i.e., west to east. The adverse 
effect of the air pollution on plant growth might be impli 
cated as a controlling factor for reduced root nodulation. 
Ambient air pollution also apperantly looked inducing death of the 
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nodules. The toxicity of gaseous and particulate air pollu-
tants mainly flyash containing toxic substances including 
heavy metals might be implicated as direct factor for inhi-
bition in root nodulation. The air pollutants including 
flyash are inhibitory foi several microorganism (Darley 
and Middloton, 1966; Heaglo,1973, 1982; Babich and Stotzky, 
1982). Even at 4 km distance, the nodulation was suppressed. 
This shows that Rhizobium is quite sensitive to the ambient 
air pollution caused by coal-burnmg. Infection of root 
nodules by root-knot nematodes was also found to be influen-
ced by the ambient air pollution. In the area with high 
pollution level the infection of root nodules was less than 
m the area with lov/er level. The observations show a very 
significant effect of ambient air pollution. Root nodulation 
was suppressed, senescence of nodules was accelerated, incre-
ase of non-functional nodules occurred and infection of 
nodules by root-knot nematodes on both the crops was inhibited. 
The total effect of these influences will reflect m nitrogen 
fixmq efficiency. Theiofnic, ambient an pollution caused 
by coal-fired thermal powci plants is harmful for Rhizobium-
legume symbiotic nitrogen fixing system. 
The incidence and intensity of root-knot disease 
on chick-pea and lentil seemed to be directly correlated 
with the ambient air pollution m the vicinity of pollution 
source. The incidence and intensity of disease were reduced 
by the ambient air pollution depending upon the pollution 
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level m the area. 
Foliage of chick-pea and lentil grown m fields around 
the Thermal Power Plant, Kasimpur exhibited some air pollu-
tion induced symptoms like leaf chlorosis and necrosis of 
leaf margins. Chick-pea showed less sensitivity to the air 
pollution than lentil. At some sites where necrosis of leaf 
margins appeared on the lentil, no such symptom was 
evident on chick-pea. The intensity of the symptoms on the 
crops was related to the pollution level of a given site. 
The chlorosis and necrosis of leaf margins appeared on the 
leaves of both the crop plants, at the closest site M/2 km ^  . 
The symptoms became gradually less with the increasing dis-
tance . 
The root nodulation by Rhizobium was suppressed by 
the ambient air pollution and the inhibition was concentra-
tion dependent. Root nodulation gradually declined with 
the decreasing distance from the pollution source. The air 
pollution also promoted the senescence of the root nodules. 
Greater number of non-functional nodules was recorded m 
the close vicinity of the thermal power plant. Infection 
of root nodules by the root-knot nematodes was also suppre-
ssed by the air pollution. Less infection occurred m the 
close vicinity of the pollution source. At the sites, with 
low pollution levels, nodule infection by the nematodes 
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appeared to be promoted. 
The crop fields of chick-pea and lentil were found 
infested with two species of root-knot nematodes, M. incog-
nita and M. javanica. The severity of the disease was more 
on chick-pea than lentil. Root-gallmg (number of galls/root 
system) and eggmass production (number of eggmasses/root 
system) were greater on chick-pea than lentil. Severity 
of the root-knot disease varied m different directions 
and distances from the pollution source and the disease 
severity was related to the level of the ambient pollution, 
which was found to be regulated by the direction and distance 
from the point source. In general, the root-knot disease 
was suppressed by the ambient air pollution caused by the 
thermal power plant. With the increasing distance from the 
pollution source, the disease severity m terms of root-
gallmg and eggmass production declined gradually, m any 
particular direction. At the closest site (1/2 km) included 
m the observation, crops were free from the disease. 
The observations indicate that the ambient air pollu-
tion caused by the Thermal Power Plant, Kasimpur suppressed 
root nodulation and loot-knot disease on chick-pea and lentil 
and induced chlorosis and marginal necrosis of the leaves. 
These effects were related to the level of the pollution 
which was regulated by the distance and direction from the 
pollution source. 
S E C Z T T I O l S r I I 
INTERACTION OF AMBIENT AIR POLLUTION, ROOT-KNOT NEMATODES 
AND ROOT NODULE BACTERIA ON CHICK-PEA AND LENTIL 
The interaction of ambient air pollution, caused 
by the Thermal Power Plant, Kasimpur, root-knot nematodes 
and root nodule bacteria was studied on chick-pea and lentil 
m artificial inoculations at two study sites m nethouses, 
located at 1/2 km and 2 km away from the stack of the ther-
mal power plant, m east-ward direction. The air pollution 
monitoring for determining the concentration of SO-,, NO 
and suspended particulate matter and particulate matter 
deposition during the experimentation period was done at 
both the sites. Additionally, impact of the ambient air 
pollution on seed germination and post-emergence mortality 
of the seedlings of chick-pea and lentil were also assessed. 
Two sites m the polluted area-K, and K_; 1/2 km 
and 2 km away respectively from the stack of the Thermal 
Power Plant, Kasimpur (source of ambient air pollution) 
were selected as the study sites. A nethouse at each site 
was fabricated for the study. 
Air Pollution Monitoring 
The concentration of SO- NO2, and suspended parti-
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culate matters (SPM) and flyash deposition at both the 
sites (K and K-) around the Thermal Power Plant, Kasimpur 
were determined fortnightly for the experimental period 
(November - March). Samplings were done by High Volume 
Air Sampler (Envirotech, New Delhi). The sampled air, having 
different pollutants, was analysed according to the proce-
dures mentioned m the Course Manual of National Environ-
mental Engineering Research Institute (NEERI), Nagpur, 
India (Anon., 1986). 
Sampling of air 
The sampling of air was done at the rate of 2 lit. 
of air/mm. 4 h by using different absorbing media for 
different gases. 
Gaseous air Absorbing media for sampling 
pollutant 
SO^ Sodium tetra chloromercurate solution 
NO^ Sodium hydroxide sodium arsenite solution 
The suspended particulate matter was collected over 
Whatman microfilter paper of grade GF/A. 
Analysis of S0„ 
Analysis of SO^ m samples was done by Weast and 
Fack Method (being used at NEERI^. 
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Calibration of standard curve 
Standard metabisulphite was pipetted m graduated 
amounts (such as 0.1, 0.2, 0.3, 0.5, 0.7, 0.9, 1.0, 1.1, 
1.2, 1.5 ml for containing 1,2,3,5,7,9,10,11,12,15 g SO 
respectively) into a series of impingers or graduated 
nessler tubes. Absorbing medium was added into tubes to 
make the volume 10 ml. In the blanks, 10 ml absorbing medium 
was added. Then 1 ml sulphamic acid, 2 ml formaldehyde 
solution, 5 ml rosaniline hydrochloric solution were added 
one by one, and after adding each, the solution was shaken 
gently. After it,the volume m each impmger was maintained 
with double distilled water to 25 ml. After 30 m m . but 
before 60 m m . the transmittance was determined at 550 nm 
m spectrophotometer. A standard curve was drawn between 
transmittance and concentration of SO^. 
Estimation 
Ten ml of sampled absorbing media was taken m 
impmger. Then 1 ml sulphamic acid, 2 ml formaldehyde solu-
tion and 5 ml rosaniline hydrochloric solution were added 
one by one after adding each, the solution was shaken 
gently. After 30 mm., transmittance was determined at 
550 nm m spectrophotometer. In the control (blank) , in 
place of absorbing media with sampled air, absorbing media 
without any air was taken. The Ug of SO2 was determined 
by placing of transmittance (%) m calibrated standard 
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curve, the corresponding value ( ^g SO^ ) was found out 
SO- ug/m was calculated according to the following formula: 
, ug of SO 
SO^ ug/m X 10 
^ volume of air samples (lit.) 
Volume of air sampled = Flow rate of air x time of sampling 
(min.) 
uq/m^ X 22400 SO ppm = ^ -r 
M X 1 0 
'1 = Molecular weight of S0_ 
Analysis of NO-
NO^ was estimated by the analytical method. 
Standard curve 
0,5, 1.0, 1.5, 2.0, 2.5 and 3.0 ml of standard 
nitrite were taken into test tubes followed by the addition-
al 1 ml H_0_ solution , 1 0 ml sulfanilamide solution and 
1.4 ml NEDA solution. Side by side the control was also 
run. Test tubes were shaken and allowed to remain at stand 
for 10 min. for the colour development. Then after % trans-
mittance (T) was read at 540 nm. A curve was drawn between 
concentration and % T. 
Estimation 
Ten ml of absorbing medium with sampled air was 
taken m the test tube. 1 ml H2O2 solution, 10 ml sulfanila-
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mide solution and 1.4 ml NEDA solution were added in the 
test tube. S:de by side m control (blank), absorbing media 
without any air was used. Test tubes were shaken and allowed 
to remain at stand for 10 min. for the development of colour. 
Then transmittance (%) was taken at 540 nm and the concen-
tration of NO^ was estimated from the standard curve. 
Then N0„ ug/m was calculated according to the following 
formula : 
3 iiq of NO2 
NO^ ug/m = X 10 
'^ Volume of air sample (lit.) 
M^ i ^ ijg/m-^  X 22400 NO^ 'ppm) = ^^-^ 7 
^ M X 1 0 
Molecular weight of N0_ 
Suspended particulate matter (SPM) 
Amount of SPM mg/m of air was determined by the 
High Volume Air sampler. The weight of a Whatman microfilter 
paper of grade G F / A of specific size was taken after putting 
it into dessicator for 12 h (W. ). Then the filter paper 
was fitted in the air sampler at the sampling site. The 
air sampler was run for 8 h. After sampling, filter paper 
was carefully folded and placed into envelope and brought 
to the laboratory, and kept in dessicator for 12 h and 
3 
weighed (W ). SPM mg/m of air was calculated according 
to the following formula : 
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Weight of SPM in g ^W) = W- - W 
3 W o 
SPM mg/m = — x 1 0 
Volume of air sampled 'lit.l 
Particulate matter fall 
The amount of particulate matter fall (flyash 
depositon) at the polluted sites during the experimental 
period was determined. Oven dried glass ]ars after weighing 
(W. ) were placed at the sampling sites on the stand 1 m 
above the ground level guarded by grill frame. The upper 
portion of 3ar as well as of grill frame were kept open 
to allow dust fall. In the jar 1 lit. distilled was added. 
This volume of water was maintained in 3ar for one month. 
After one month ^ars were brought to the laboratory and 
water was evaporated by keeping in an oven. The weight 
of the ]ar having particulate mater (W_^ was taken and 
2 
the total dust fall per m was calculated. 
Particulate matter fall ,, ,, 
2 = ^2 " 1 (mg/m /month) • — — — 2 
cross section area of :3ar m m 
Seed germination and Seedling mortality 
To assess the impact of ambient air pollution 
on the seed germination of chick-pea and lentil, 100 healthy 
seeds of each 1 .e., chick-pea, Cicer arietmum L.(cv.T-3) and 
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lentil Lens culmaris Medic. (cv. T-36) were sown m 
steam-sterilized unpolluted soil collected from the unpollut-
ed area at both the nethouses, located 1/2 km and 2 km 
away from the stack of the Thermal Power Plant, Kasimpur. 
The control set was kept m unpolluted air, m a glasshouse 
at the university campus. After seven days of sowing, the 
number of successfully germinated seeds and the seedling 
which died after emergence (post-emergence mortality) were 
counted. 
Isolation of Rhizobium 
Rhizobium was isolated spearately from chick-pea 
and lentil roots collected from fields. The root system 
was washed clean and a well formed healthy pinkish nodule 
on the tap root was carefully cut out with a portion of 
root attached to the nodule. The nodule was surface steri-
lized for 5 m m . in 0.1% mercuric chloride and repeatedly 
washed with sterilized water to remove the chemical. The 
nodule was then washed m 70% ethyl alcohol for 3 mm. 
followed by more washing with sterilized water (Ash and 
Allen, 1948). The nodule was then crushed with sterile 
glass rod m a small aliquot of sterilized water. This 
suspension was further diluted for obtaining distinct 
colonies. Congo red yeast-extract mannitol agar medium 
(CRYMA) of the following constituents was used for isolation. 
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Mannitol, 10.0 g; K^HPO^, 0.5 g; MgSO^.TH^O, 0.2 g; 
NaCl , 0.1 g; Yeast extract, 1.0 g; Agar agar 20.0 g; 
Distilled water 1000 ml; Congo-red (1%), 2.5 ml. 
One ml of the dilution was added in each petriplate 
containing 15 ml of CRYMA medium. The petriplates were 
incubated at 28° C {+^ 2) for one week. Distinct white, 
transluscent, glistening, elevated colonies of Rhizobium 
developing on the medium in petriplates were picked up 
and purified by reculturing. 
Plant testing method 
As variations are found in strains of Rhizobium, 
it is necessary to determine the ability of a particular 
isolate to produce nodules on a suitable host legume. 
Similarly, it is also essential to know if the nodules 
possess efficient nitrogen fixing ability. This was ascer-
tained by plant testing method {SubbaRao , 1 975 )•Plants for 
testing were grown on agar slants, containing nitrogen-free 
medium : CaHPO^, 1.0 g; K2HP0^, 0.2 g; MgSO^.lH^O, 0.2 g; 
NaCl, 0.2 g; FeCl-,, 0.1 g; agar agar; 8.0 g; distilled 
water 1000 ml (Jensen, 1942^ and inoculated with the desired 
isolates. At regular intervals, seedlings were fixed m 
4% formalin and examined later under microscope for 
infection threads m root hairs and emergence of nodule 
primordia on the roots. 
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In another set, the test was continued for several 
weeks for obtaining the effectiveness of Rhizobium isolate 
by examining the dry weigtht of the plants. The dry weight 
of plant is proportional to its N-content (Erdman and Means, 
1952^. During the test the quarter strength nutrient 
solution was added to moisten the slant at the regular 
intervals. Unmoculated seeds with Rhizobium grown on 
slants in N-free medium served as control. 
Pure culture of Rhizobium 
Yest extract mannitol agar (YMA) was used for pure 
culturing of Rhizobium (Fred e^ al^ . , 1932). The YMA contain-
ed K^HPO, 0.5 g; MgS04,7H20, 0.2 g; NaCl, 0.1 g; Mannitol, 
10.0 g; Yeast extract, 0.4 g; Agar agar, 15.0 g; Distilled 
water, 1000 ml. 
The medium was autoclaved at 15 lb. p.s.i. (121 C) 
for 20 m m . and poured in sterilized culture tubes. After 
solidification of the medium, the agar slants were inoculat-
ed with the tested Rhizobium isolate in aseptic condition 
(at laminar flow bench), and incubated at 28 °c ( ± 2 ). 
Rhizobium colonies were found growing in about seven days. 
Soil based culture 
For inoculating the legumes m pots, the soil based 
culture of Rhizobium was used for seed dressing (bacteriza-
tion), prior to sowing. 
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For culturiny Rhizobium m soil, the soil and 
compost in the ratio of 1:1 was used. 1 kg of soil-compost 
mixture was autoclaved and the pH was maintained at 7 by 
mixing 10 gm of CaCO . Then 10 g sugar (commercial) and 
0.5 g K_HPO. were added m soil-compost mixture. Pure 
culture of Rhizobium was then mixed with the soil-compost 
mixture thoroughly. This mixture of Rhizobium and soil-
compost was used for inoculating the seeds. 
Rhizobium inoculation (bacterization of seeds) 
Seeds of chick-pea and lentil were bacterized with 
their respective strains of Rhizobium. For bacterization 
of seeds, commercial sugar and water were added m the 
soil based culture with thorough mixing. The pulse seeds 
were treated with this mixture followed by the drying in 
shade for about half an hour before sowing. 
Pure culture of Root-knot Nematodes 
Pure culture of the root-knot nematode species, 
Meloidogyne incognita and M. javanica encountered during 
the survey were raised and maintained in greenhouse. In 
order to make pure culture of each species of the root-
knot nematodes, single eggmass of each was added separately 
in pots, having sterilized soil around the roots of a young 
tomato or eggplant seedling. Inoculated pots were maintained 
m glasshouse. Sub-culturing was done approximately every 
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2 to 3 months by inoculating new tomato or eggplant seedl-
ings with atleast 15 eggmasses, each obtained from the 
pure culture m order to maintain sufficient inoculum for 
their identification and use m experiments. 
Preparation of inoculum and inoculation 
For conducting experiments with root-knot nematodes, 
inoculations of plants were done by using freshly hatched 
second stage juveniles (J^). Second stage juveniles were 
obtained by incubating eggmasses collected from roots of 
tomato or eggplant maintaining pure populations of the 
root-knot nematodes m sterilized water 25 C. After 72 h, 
number of the hatched juveniles (J^) per ml was standardized 
by counting the juveniles from ten, 1 ml samples and the 
average number was used to represent the number of juveniles 
per ml. After counting, the measured volume of the nematode 
suspension according to the level of inoculum required 
for the experiment, was pipetted out and added in the pots 
after making depression m soil near th^ sfe^dlmgs. 
INTERACTION STUDIES 
The interaction of ambient air polluflon, root'-knot 
nematodes and root nodule bacteria on chick-pea and lentil 
was studied separately m pots kept m two nethouses in 
the polluted area, 1/2 km (K. ) and 2 km (K_) away from 
the Thermal Power Plant, Kasimpur, in east-ward direction. 
Plant culture and treatments 
To conduct the experiment, steam sterilized soil 
was filled in 30 cm clay pots. In one half of the pots, 
10 seeds of chick-pea (cv. T-3) and lentil (cv. T-36) 
bacterized with Rhizobium were sown m each pot and m 
other half of the pots 1 0 non-bacterized seeds in each 
pot were sown. After 10 days, the seedlings were thinned 
to one m each pot. 
Inoculation by Meloidogyne incognita or M. ]avanica 
was done after one month of sowing. The inoculum level 
was 1000 ]„ pot. The following were the six treatments 
for each crop (chick-pea/lentil) . All the treatments were 
replicated five times. 
T = Control (crop plant) 
T_ = Crop plant + Rhizobium 
T^ - Crop plant + Meloidogyne incognita 
T. = Crop plant + Rhizobim + M. incognita 
T^ = Crop plant + M. 3 avanica 
T, = Crop plant + Rhizobium + M, 3 avanica 
One set of pots (of all the six treatments) were 
kept m a nethouse at 1/2 km away (K. ) from the stack of 
the Thermal Power Plant. Another set of pots of treatments 
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was kept in a nethousc at 2 km away (K_) from the stack. 
A similar set of pots with same treatments were also kept 
in unpolluted air in glasshouse. The experiment was termi-
nated after 100 days of inoculations. 
PARAMETERS 
Plant Growth and Yield 
At termination of the experiment, lengths of shoot 
and root of plants of both the crops from each treatment 
were measured and their fresh and dry weights were determi-
ned. For determining the dry weight, root and shoot of 
each plant from the treatments were wrapped m blotting 
sheets and dried m a hot air oven at 80 C for 24 h and 
weighed. 
Root-knot disease and Root nodulation 
At the termination of the experiment, the number 
of galls and eggmasses 'root system m different treatments 
of each crop were counted. Similarly, number of functional 
and total nodules and nodules infected with root-knot nema-
todes m each treatment of the experiment on both the crops 
were determined. 
Leaf Pigments 
Chlorophyll content of leaves of chick-pea and lentil 
from different treatments of the experiment was estimated. 
For chlorophyll estimation, 1 g of leaves were ground in 
40 ml 80% acetone v;ith the help of mortar and pestle. The 
suspension was decanted m buchner funnel having two Whatman 
paper No. 1. Then filtration was done with the help of 
suction pump. The residue was ground thrice adding with 
30, 20 and 10 ml of acetone respectively. The suspension 
was decanted in buchner funnel and filtered m vaccum. 
At last mortar and pestle were rinsed with 80% acetone, 
transferred m buchner funnel and filtered in vaccum. The 
filtrate was transferred m 100 ml volumetric flask and 
the volume was made upto capacity, the transmittance was 
read at 645 and 663 nm at spectrophotometer. The chlorophyll 
a,b and total chlorophyll were calculated accordingly by 
using optical density, (O.D.) (% transmittance) (Mackmne^j . 
1941 ) . 
Leaf Epidermal Characters 
To study leaf epidermal characters, peelings of 
epidermis from both surfaces (lower and upper) of leaves 
of chick-pea and lentil from different treatments of the 
experiment were prepared and stained and mounted for micro-
scopic examination. 
Preparation of leaf peeling 
Leaf peeling was prepared by the method given by 
Ghouse and Yunus (1972). Leaf portions were boiled m 40% 
HNO for 2-3 min. When the epidermis of both the surface 
of leaves had separated, epidermal peelings were washed 
thrice in water and transferred to 20% KOH for 15 min. 
which neutralized the acid. After washing, the peelings 
were ready for staining. 
Staining 
The washed epidermal peelings were kept in 30% alco-
hol for 10 m m . and then transferred m 50% alcohol for 
5 m m . The peelings were then stained with bismark brown 
( m 50% alcohol) for 12 h. At the end of this period, the 
peelings were washed with 50% alcohol, 3 times, with 5 mm. 
intervals and passed through a series of 70%, 90% and abso-
lute alcohol + xylene and xylene. The peelings were mounted 
m Canada balsam. 
The slides were examined under light microscope. 
The number of stomata, trichome-hydathodes (only m chick-
pea) and trichomes on lower and upper leaf surfaces were 
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counted and their number per cm was calculated. The size 
of stomata and stomatal aperture and the length of trichome-
hydathodes and trichomes were measured on both leaf surfaces. 
Seed Proteins 
The protein content of seeds of chick-pea and lentil 
from different treatments of the experiment was estimated 
by using the method given by Lowry e;t aj^. , (1951). 
Following reagents were prepared foi estimating 
soluble and insoluble protein contents of the seeds. 
Reagent A - 2% sodium carbonate m 0.1N NaOH m ratio of 1:1 
Reagent B - 0.5% CuSO in 1% sodium tarterate in ratio 
of 1 :2 
Reagent C - 50 ml reagent A + 1 ml reagent B 
(alkaline 
CuSO . ^  
Reagent D - 50 ml of 2% sodium carbonate + 1 ml reagent B 
(Carbonate 
CuSO. solu.) 
Reagent E - Follin's reagent diluted to make 1 N acid 
(diluted 
Follin's reagent) 
Standard curve 
Before actual estimation, standard curve was prepared 
by dissolving 40 mg of egg albumin in O.IN NaOH solution. 
The volume was made upto 100 ml. 0.1 ml to 1 ml solution 
was taken in 10 test tubes. Reagent A was added to the 
test tubes. After 10 m m . 0.5 ml reagent E was added. The 
% transmittance was read at 660 nm and standard curve was 
drawn between O.D. and concentrations. 
Soluble protein 
Fifty mg dry powder of seeds was ground with 5 ml 
of double distilled water m mortar with pestle. Then water 
extract was decanted m centrifuge tube for centrifugation 
at 4000 rpm for 10 mm. Then supernatent was collected 
m 50 ml volumetric flask and the residue was retained 
m centrifuge tube for estimating insoluble protein. After 
making the volume upto 50 ml, 1 ml of water extract was 
transferred m a 10 ml test tube followed by addition of 
5 ml of reagent C. After mixing, solution was left as such 
for 10 mm. Then 5 ml of reagent E was added and mixed 
immediately. The control was run along with the experimental 
set. Per cent transmi ttance was read at 660 nm after half 
an hour. The corresponding protein content was measured, 
by using the standard curve. 
Insoluble protein 
The residue retained m the centrifuge tube was 
used for insoluble protein estimation. 5 ml of 5% trichloro-
acetic acid was added to the residue with shaking. After 
half an hour it was centrifuged at 4000 rpm to 10 mm. 
The supernatent was discarded. 5 ml of IN NaOH was added 
m the residue with vigorous shaking and kept m waterbath 
for about an hour. After cooling it was again centrifuged 
and supernatent was collected in 50 ml volumetric flask 
and volume was made upto with IN NaOH. 1 ml of this solution 
was taken m test tube with 5 ml of reagent D followed 
by mixing. After 10 m:n 0.5 ml of reagent L was added with 
immediate mixing. IN NaOH was used m control. Per cent 
transmittance was read at 660 nm after 30 m m . The protein 
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content was calculated by using the standard curve. 
Air quality 
The ambient air of the Thermal Power Plant, Kasimpur, 
contained air pollutants like SO^, NO^ and suspended parti-
culate matter (SPM). Their concentration was greater at 
K. than K^ , 1/2 km and 2 km away respectively, from the 
stack (Table 1). The concentration of SO^ ranged between 
0.0064 and 0.1643 ppm with an average of 0.08165 ppm at 
K. and between 0.0026 and 0.059 ppm with an average of 
of 0.0302 ppm at K^. The range of N0_ concentration was 
0.0039 ppm to 0.0992 ppm at K^  (average 0.04967 ppm) and 
0.0011 ppm to 0.0323 ppm at K^ (average 0.0163 ppm). The 
concentration of suspended particulate matter (SPM) ranged 
between 0.314 and 3.046 mg/m at K. and between 0.137 and 
2.683 mg/m at K^ . The average was 1.680 and 1.410 mg/m 
at K- and K„ respectively. The deposition of particulates, 
mainly flyash and a small amount of coal dust and soil 
2 
particles, was also greater at K- (389.15 mg/m /month) 
than K^ (210.75 mg/m^/month) (Table 1). 
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Table 1. Concentration of air pollutants at the two pollu-
ted sites around the Thermal Power Plant, Kasimpur 
during winter (November - March). 
Air 
pollutants 
Cone. 
range 
K^  (1/2 km) 
Average 
cone. 
K2(2 km) 
Cone. Average 
range cone. 
S02(ppm) 0 . 0 0 6 4 - 0 . 1 6 4 3 0 . 0 8 1 6 5 0 . 0 0 2 6 - 0 . 0 5 9 1 0 . 0 3 0 2 
0 . 1 3 7 - 2 . 6 8 3 1 . 4 1 0 
NO^ippm) 0 . 0 0 3 9 - 0 . 0 9 9 2 0 . 0 4 9 6 7 0 . 0 0 1 1 - 0 . 0 3 2 3 0 . 0 1 6 3 
SPM(mg/m^) 0 . 3 1 4 - 3 . 0 4 6 1 . 6 8 0 
F l y a s h d e p o -
s i t i o n mqlm^I 
month 3 8 9 . 1 5 2 1 0 . 7 5 
Seed germinat ion 
The ambien t a i r p o l l u t i o n a d v e r s l y a f f e c t e d seed 
g e r m i n a t i o n of b o t h c h i c k - p e a and l e n t i l . The a d v e r s e e f f e c t 
Tab le 2. E f f e c t of ambien t a i r p o l l u t i o n on seed g e r m i n a t i o n 
and p o s t - e m e r g e n c y m o r t a l i t y of t h e s e e d l i n g s 
of c h i c k - p e a and l e n t i l . 
C h i c k - p e a L e n t i l 
S i t e s Germi- Reduction Seedling Germi- Reduction Seedling 
nation over control mortal i ty nation over control mortal i ty 
% % % % % % 
Control 9 0 
1^ 
(1/2 km) 55 
K2(2 km) 66 
-
38.89 
26.67 
2 
1 4 
1 0 
86 
56 
65 
-
34.88 
24.42 
3 
1 8 
1 3 
on seed g e r m i n a t i o n was g r e a t e r a t K. t h a n K^. At K. 
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reduction m seed germination was 38.89% and 34.88% m 
chick-pea and lentil i espectively, and at K 26.67% and 
24,42% respectively. At both the polluted sites, post-emer-
genece mortality of seedlings was greater than at the 
control site. Inhibition of seed germination was greater 
m chick-pea than lentil while the moratlity of seedlings 
was greater m lentil than chick-pea at both the sites 
(Table 2). 
CHICK-PEA, Cicer arietmum L. 
Plant growth and yield 
Plant growth of unmoculated plants of chick-pea 
was adversely affected by the ambient air pollution. The 
adverse effect was greater at K. than K . All the considered 
growth parameters at K were significantly smaller than 
the check plants at the unpolluted site. At K_ the reduct-
ions m length of root, fresh weights of both shoot and 
root and dry weight of shoot were significant at P = 0.01 
while the reductions in length and dry weight of root were 
significant only at P = 0.05. Inoculation of Rhizobium 
increased the plant growth of chick-pea. All the growth 
parameters wore significantly greater (P = 0.01 ) in the 
plants inoculated with Rhizobium at the unpolluted site 
in comparison to plants without Rhizobium . M. incognita 
at the unpolluted site caused significant reduction m 
plant growth parameters. The reduction m dry weight of 
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the shoot was, however, significant only at P = 0.05. M. 
Javanica caused reduction only m shoot and root lengths, 
(significant at P = 0.05 and P = 0.01 respectively). The 
reductions in fresh and dry weights of shoot and root were 
not significant. M. incognita m the presence of Rhizobium 
did not cause significant reduction m shoot length but 
significant decrease occurred in root length. The fresh 
and dry weights of shoot and fresh weight of root were 
significantly (at P = 0.05) increased. The decrease observed 
m root dry weight was not significant. In the presence 
of Rhizobium, M. ]avanica did not cause reductions m growth 
parameters of plants. Instead, increases in all the growth 
parameters except root length were noticed m comparison 
to the control plants. The individual and combined effects 
of Rhizobium, and M. incognita or M. javanica were suppressed 
by the ambient air pollution. The adverse effects of the 
ambient air pollution were greater at K. than K_ (Table 3, 
Fig. 1A). 
The yield characters i.e. flowering and fruiting of 
chick-pea were significantly decreased by the ambient air 
pollution at both the sites. The adverse effect of ambient 
air pollution was greater at K, than K„. Rhizobium inoculation 
significantly increased the number of flowers and 
fruits m comparison to plants without Rhizobium. M. 
incognita and M. javanica significantly reduced flower-
ing and fruiting. The suppression was greater 
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due to M. incognita than M. 3avanica. M. incognita in the 
presence of Rhizobium also significantly decreased the 
number of flowers and fruits. But M. javanica together 
with Rhizobium did not cause significant reduction m the 
number of flowers and fruits. The ambient air pollution 
suppressed the individual and combined effects of Rhizobium 
and M. incognita or M. ]avanica. The suppresive effects 
of the ambient air pollution were greater at K. than K^ 
(Table 3, Fig. IB). 
Root-knot disease and root nodulation 
The root galling and eggmass production of the 
nematodes were significantly suppressed by the ambient 
air pollution. Root galling and eggmass production of both 
the species were relatively poor at the polluted sites. 
The suppressive effect of the ambient air pollution was 
greater at K- than K . In the presence of Rhizobium at 
the unpolluted site root galling and eggmass production 
of the root-knot nematodes were reduced. At the polluted 
sites, root galling and eggmass production of the nematodes 
were lowest, m the presence of Rhizobium (Table 4). 
Root nodulation on chick-pea was suppressed by the 
ambient air pollution. The counts of total nodules and 
functional nodules were significantly decreased at both 
the polluted sites. The adverse effect of ambient air 
pollution was greater at K. than K_. Root-knot nematodes 
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also suppressed root nodulation. M. incognita was more 
effective m reducing the number of total and functional 
nodules than M. 3 avan ica. The number of nodules infected 
with the root-knot nematodes also significantly decreased 
due to ambient air pollution. At the polluted sites, root 
nodulation was poorest, in the presence of root-knot 
nematodes (Table 4). 
Leaf pigments and seed proteins 
The leaf pigments (chlorophyll a, chlorophyll b 
and total chlorophyll) and seed proteins (soluble and 
insoluble) were significantly reduced by the ambient air 
pollution (Table 4). The adverse effects of the ambient 
air pollution were greater at K. than K_, The decrease 
m chlorophyll content and soluble protein content was 
significant at both the sites but at K. decrease m 
insoluble protein was significant only at P = 0.05. 
Reduction m total protein content was significant at 
P = 0.05 and P = 0.01 at K and K. respectively. At the 
unpolluted site, Rhizobium inoculation significantly 
increased the leaf pigment and seed protein contents. 
M, incognita and M. j avanica significantly decreased the 
leaf pigments. M. incognita also significantly suppressed 
the insoluble (P = 0.01) and total proteins (P = 0.05) 
but the decrease in soluble protein was not significant. 
M. J avanica did not cause significant decrease m insoluble 
93 
and soluble protein contents, but reduction in total 
proteins was significant at P = 0.05. M. incognita m the 
presence of Rhizobium non-significantly increased the prote-
in content? M. javanica non-significantly increased the 
soluble and insoluble protein contents but the increase m 
total protein contents was significant at P=0.05. The indivi-
dual and combined effects of Rhizobium and M. incognita or 
M. ]avanica on chlorophyll and protein contents were 
suppressed by the ambient air pollution when compared to 
their respective checks at the control site. The adverse 
effects of the ambient air pollution were greater at K. 
than K (Table 4, Figs. 1C and ID). 
Leaf epidermal characters 
All the leaf epidermal characters of cnick-pea 
considered in the study were affected by the ambient air 
pollution. Number of stomata and trichome-hydathodes, size 
of stomata and stomatal aperture and length of trichome-
hydathodes were adversely affected by the ambient air 
pollution. The decrease m the number and size of stomata, 
the length of trichomes on both the leaf surfaces, size 
of stomatal aperture and number of trichome-hydathodes 
on upper surface were significant at P = 0.01 while the 
decrease m size of stomatal aperture and number of 
trichome-hydathodes on the lower surface were significant 
at P = 0.05 at K^. The decreases m all the parameters 
of the epidermal structures at K. were significant 
Qd 
(P = 0.01). Rhizobium increased all these parameters signi-
ficantly at unpolluted site m comparison to plants without 
Rhizobium. M. incognita significantly reduced all the para-
meters of epidermal characters at the unpolluted site. But 
M. javanica caused only significant (at P = 0.05) decrease 
m stomatal size on upper surface and the number and lengt^ 
of trichome-hydathodes on both the surfaces. No significant 
decrease m stomatal size on lower surface occurred. When 
M. incognita and Rhizobium were together, an increase m 
the number of stomata on the lower (significant at P = 0.01 ) 
and on the upper leaf surface (significant at P = 0.05) 
occurred. The increase in the size of stomata and decrease 
m the size of stomatal aperture due to M. incognita and 
Rhizobium combination were not significant. An increase :n 
the number of trichome-hydathodes on the lower (significant 
at P = 0.05) and on upper leaf surface (P = 0.01) was noticed. 
M. J avanica along with Rhizobium significantly increased 
the number of stomata and trichome-hydathodes, size of stomata 
and length of trichome hydathodes. The combined effect of 
M. ]avanica and Rhizobium on the size of stomatal aperture 
was not significant. The ambient air pollution suppressed 
the individual and combined effects of Rhizobium and M. 
incognita or M. javanica. The effects were greater at K. 
than K (Table 5 ) . 
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The number and length of trichomes were increased 
significantly at both the polluted sites. The increases 
were greater at K- than K . Rhizobium significantly reduced 
the number and length of trichomes at the unpolluted site. 
Inoculation of M. incognita or M. j avanica caused signifi-
cant increase m the number and length of trichomes. 
M. incognita or M. javanica together with Rhizobium signifi-
cantly reduced the number of trichomes. An increase m 
trichome length on the lower surface (significant at 
P = 0.05) due to combined effect of M. incognita and 
Rhizobium occurred. The increase m length of .trichomes 
on upper surface was, however, not significant. M. javanica 
together with Rhizobium decreased trichome length signifi-
cantly at P = 0.01 on lower and at P = 0.05 on upper leaf 
surface. The individual cind combined effects of Rhizobium 
and M. incognita or M. j avanica were suppressed by the 
ambient air pollution, being greater at K. than K^ (Table 5). 
LENTIL, Lens culmaris Medic. 
Plant growth and yield 
The ambient air pollution adversely affected all 
the plant growth and yield parameters of lental. The trend 
m reductions m growth and yield characters of lentil 
was similar to that of chick-pea. Plant growth and yield 
of lentil were reduced significantly at both K. and K_, , 
98 
the polluted sites. The reductions were greater at K 
than K (Table 6). 
Addition of Rhizobium at the unpolluted site signifi-
cantly increased all the growth and yield parameters of 
lentil but M. incognita significantly suppressed plant 
growth and yield. M. j avanica also affected similarly, 
but reduction m dry weight of shoot was significant only 
at P = 0.05 and decrease m flowering and fruiting was 
not significant. When Rhj zobium was present together with 
M. incognita, only decrease m length of shoot and root 
(significant at P = 0.01 and P = 0.05 respectively) occurred. 
Significant increases m dry weight of root (at P - 0.01^ 
and number of fruit (at P = 0.05) were also recorded. 
M. ] avanica along v/ith Rhizobium significantly increased 
the growth and yield parameters except the shoot length. 
The individual and combined effects of Rhizobium and 
M. incognita or M. j avanica were suppressed by the ambient 
air pollution. The ambient air pollution in this respect 
was more effective at K. than K_ (Table 6, figs. 2A and 
2B) . 
Root-knot disease and root nodulation 
M. incognita caused greater root galling and eggmass 
production on lentil than M. j avanica. Like chick-pea, 
the gall formation and eggmass production of both the 
species on lentil were significantly reduced by the ambient 
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air pollution atboththe sites, the effects being greater 
at K- . At the unpolluted site, Rhizobium on lentil also 
reduced the root galling and eggmass production of M. incog-
nita significantly. Rhizobium caused reduction m gall 
formation of M. ]avanica (significant at P = 0.05) but 
non - significantly m eggmass production. The suppressive 
effect of Rhizobium on root-knot disease was adversely 
affected by the ambient air pollution, being greater at 
K. than K . Root galling and eggmass production of the 
nematodes were lowest at the polluted sites,mthe presence 
of Rhizobium (Table 7). 
Root nodulation on lentil was also adversely affected 
by the ambient air pollution. The number of both total 
and functional nodules was significantly reduced at both 
the sites, the effect was greater at K. . The inoculation 
of M. incognita and M. javanica adversely affected root 
nodulation at the unpolluted site. The number of tota] 
and functional nodules was significantly reduced. At the 
polluted sites, root nodulation was poorest when Rhizobium 
and root-knot nematodes were together. The number of nodules 
infected with root-knot nematodes was reduced by the ambient 
air pollution. At K- , no nodule was found infected with 
root-knot nematode (Table 7). 
Leaf pigments and seed proteins 
Leaf pigment and seed protein contents of lentil 
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were significantly and adversely affected by the ambient 
air pollution at both sites. Rhizobium significantly increased 
the leaf pigments and seed proteins in control plants. Both 
M. incognita and M. javanica reduced the chlorophyll and 
protein contents. The reduction was more due to M. incognita 
than M. 3 avanica. Both M. incognita and M. ] avanica signi 
ficantly reduced the chlorophyll content. The reductions 
by M. incognita m soluble and total proteins were signifi-
cant only at P = 0.05.M. ]avanica reduced insoluble protein 
significantly (P = 0.05) but the reductions m soluble 
and total proteins were not significant. M. incognita toge 
ther with Rhizobium also reduced chlorophyll content at 
the unpolluted site. The reductions m chlorophyll a and total 
chlorophyll were significant only at P = 0.05 while reduction 
m chlorophyll b was significant at P = 0.01. Conversely, 
Rhizobium m the presence of M. 3avanica increased the chloro-
phyll content significantly (at P = 0.05) at the unpolluted 
site m comparison to control plants. In the presence of 
Rhizobium, adverse effects of both M. incognita and M. 
3avanica on protein content of seeds were suppressed and 
instead an increase occurred. This increase due to M. 
incognita and Rhizobium was, however, not significant. M. 
javanica alonwith Rhizobium increased the soluble protein 
significantly at P = 0.01 and insoluble and total proteins 
at P = 0.05. The individual and combined effects of 
Rhizobium and M. incognita or M. j avanica on 
leaf pigments and seed proteins were suppressed 
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by the embient air pollution, the suppressions being greater 
at K^  site (Table 7, Iigs. 2C and 2D). 
Leaf epidermal characters 
The leaf epidermal characters of lentil were signifi-
cantly and adversely affected by the ambient air pollution 
at both the sites, the effects being greater at K- than 
K_. Inoculation of Rhizobium at the unpolluted site caused 
significant (P = 0.01 ) increase in stomatal count and size 
of stomata on both the loaf surfaces and stomatal aperture 
on upper leaf surface. The increase m size of stomatal 
aperture on lower surface was significant only at P = 0.05. 
Both M. incognita and M. ]avanica significantly reduced 
number and size of stomata and size of stomatal aperture 
at the unpolluted site. The adverse effects of M. incognita 
were greater than M. ] avanica. M. incognita even in the 
presence of Rhizobium significantly reduced the number 
of stomata on lower surface, size of stomatal aperture 
on upper surface, and size of stomata on both the surfaces. 
The reduction in the stomatal count on upper surface was 
not significant and the reduction m size of stomatal 
aperture on lower surface was significant only at P = 0.05. 
M, J avanica alongwith Rhizobium increased the number of 
stomata and decreased the size of stomata and stomatal 
aperture, but these wore not significant. The ambient air 
pollution suppressed the individual and combined effects 
105 
of all the three organisms on epidermal characters of 
lentil. The effect was greater at K than K (Table 8). 
The ambient air pollution at both the polluted site? 
significantly increased the number and length of trichomes, 
the effects being greater at K. . While Rhizobium inocula-
tion at the unpolluted site significantly decreased the 
number and length of trichomes, both M. incognita and 
M. ]avanica increased their number and length. The effect 
of M. incognita m this respects was greater than 
M. ]avanica. The increases m length of trichomes 
on lower surface caused by M. incognita and on upper 
surface caused by M. javanica were, however, 
significant only at P = 0,05 and increase m 
length of trichomes on lower surface caused by 
M. ]avanica was not significant. M. incognita together 
Rhizobium non-significantly reduced the number of trichomes 
on both the surfaces and the length of trichomes on lower 
surface. The decrease in length of trichomes on upper 
surface was significant. M. lavanica together with Rhizobium 
significantly decreased number and length of trichomes 
on both surfaces of leaves. The individual and combined 
effects of Rhizobium, M. incognita or M. j avanica were 
suppressed by the ambient air pollution. The suppressive 
effects of the ambient air pollution was greater at K. 
than K^ (Table 8). 
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The ambient a:ir pollution caused by the Thermal 
Power Plant, Kasimpur (coal fired) adversely affected the 
plant growth and yield of chick-pea and lentil at the both 
sites. The leaf pigments and seed proteins A^ ere reduced. 
The leaf epidermal characters were variously influenced. 
The favourable effects of Rhizobium and harmful effects 
of root-knot nematodes, M. incognita and M. j avanica on 
plant growth, yield , leaf pigments and seed proteins were 
suppressed. Root nodulation by Rhizobium and root galling 
by the root-knot nematodes and their eggmass production 
were suppressed by the ambient air pollution. The effect 
in general was greater at the site K^  than the site K_ , 
respectively, 1/2 and 2 km away from the stack. The results 
of the survey around the thermal power plant presented 
m the Section I showed that impacts of air pollution on 
considered parameters were greater in east-ward direction, 
indicating the greater level of pollution in the direction. 
The two sites m the present experiment were located m 
this direction (east-ward), though at different distances. 
The variation m the level of pollution between the two 
sites, observed in air pollution monitoring during the 
cropping season may be implicated as directly responsible 
for the differences m the effects of the ambient air pollu-
tion on various measures of the crops at the tvo sites. Since 
the levels ot SO^, NO^^ oPM and flyash deposition were 
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greater at K. (1/2 km distance), the effects v/ere more 
on all the considered parameters. 
The ambient air pollution caused reduction m the growth 
of both the crops. Appreciable reductions m growth para-
meters of plants caused by SO and N0_ have been found 
m various studies conducted in ambient or m artificial 
exposure conditions. The damaging effects of these gaseous 
air pollutants increase with the increasing concentration 
(Remert, 1984; Olszyk and Thompson, 1985; Heck and MacLau-
ghlm 1986; Heck et al. 1986; Leckowicz , 1987; Miller, 1987). 
SO^, NO^ and particulates are mainly produced by the use 
of fossil fuel m power plants (Wood, 1968; Carlson,1983 ). 
The air pollution monitoring has shown that in the ambient 
level of pollution i.e. concentration of SO^ , N0_, SPM 
and amount of flyash deposition was greater at K- , the 
site closer to the point source. The variation m the 
concentrations of the air pollutants between the two sites 
(K. and K^) was apparently caused by the difference in 
the distances of the sites from the point source. Distance 
from the point source, along with height of the stack, 
wind direction and speed and topography of the area are 
regarded as controlling factors of the concentration of 
air pollutants (Smith 1968; Thakre and Aggarwal, 1985). 
The reduction in leaf pigment content (chlorophyll a 
chlorophyll b and total chlorophyll) of both chick-pea 
and lentil suggesteti interference of the air pollutants 
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in photosynthesis and synthesis of the pigments or caused 
their destruction. SO,, and N0„ are reported to reduce photo-
synthesis and chlorophyll content of leaves (Mudd and 
Kozlowski, 1975; Ziegler, 1975; Heath, 1980; Laurenroth 
and Dodd 1981,). They also induce some structural and chemi-
cal abnormalities m chloroplasts. The air pollutants after 
enti'y through stomuta are converted into toxic forms which 
cause injury to loaf cells and chloroplasts. SO^ also 
causes photo-oxidation of chlorophyll molecules (Nieboei 
et al. 1976), bleaching or phaeophytinization by degrading 
chlorophyll molecule to photosynthetically inactive form 
phaeophytin (Rao and LeBlanc, 1966, Varshney and Garg, 
1979). This would reflect m photosynthetic activity of 
the affected plants. The deposition of particulate on the 
leaf surface reduce the light absorption area, that ma> 
affect the photosynthesis and add to the reduced growth 
and yield of the plants (Mark, 1963; Rao, 1971; Borka, 
1980; Mishra and Shukla, 1986). This altered physiological 
and structural conditions, would ultimately lead to its 
poor growth and low chlorophyll content (Suwannapmunt 
and Kozlowsky, 1980; Irving and Miller, 1984). The reduction 
m protein content of seed might also be attributed to 
poor growth • of the pollution stressed plants or direct 
interference of air pollutants or their transformed forms 
m the synthesis of proteins (Khan and Malhotra, 1983). 
The available literature on studies on air pollution effects 
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on leguminous and some other plants shows that the seed 
protein content is reduced by air pollution stress (Sprugel 
et al • 1980). Flowerincj and fruiting of chick-pea and lentil 
were also influenced by ambient air pollution. Flowering 
and fruiting including seed development are influenced 
by sub-lethal exposures to S0_ (Varshney and Garg, 1979). 
Reductions in flowering and fruiting by air pollution have 
been observed in various plants (Amundson, 1983; Whitmore 
and Mansfield, 1983; Irving and Miller, 1984). Diminished 
pollen fertility and growth of pollen tube leading to 
failure of fertilization have been offered as possible 
causes for such a reduction. Poor plant growth might have 
also contributed towards the poor flowering and failure 
of fertilization resulting in reduced fruit setting (Lmzon, 
1978). 
Since plant leaves remain m the direct contact 
of the air pollutants and gaseous air pollutants enter 
through stomata, alterations m stomatal features m air 
pollution stressed plant are natural. Air pollutants speci-
ally S0„ induce opening of stomata and maximum damage occurs 
when stomata are open because of excessive loss of water 
through transpiration Varshney and Garg, 1979). Ambient 
air pollution stressed plants of chick-pea and lentil 
as a response showed reduction m number and size of stomata 
and size of stomatal aperture. This response was apparently 
structural adaptation of the leaves to reduce the intake 
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of gaseous air pollutants and loss of water. Similar response 
of leaves in relation to stomatal count and size and stomatal 
aperture have been observed (Majernik and Mansfield, 1970; 
Unsworth ei: aA. 1972-, Biscoe et: aA. , 197 3", Gupta and Ghouse, 
1987a, 1987b). The stomatal conductance is also reduced 
m air pollution stressed plants (Bonte e_t aj^. , 1977; Winner 
and Mooney, 1980; Kobriger et_ a^. , 1984). The number and 
size of trichome-hydathodes m chick-pea were reduced. 
Trichome-hydathodes by secreting aqueous solution, rich 
in minerals and carbohydrates, regulate the water pressure 
m leaves (Shneff, 1965; Tahn, 1982). Their reduction both 
m number and size was also a structural response of the 
leaves to reduced water pressure and relatively poor bioche-
mical activities in ambient air pollution stressed dwarfed 
plants. Trichomes act as outer line of physical defence 
specially against the phytotoxic air pollutants and also 
regulate the transpiration rate. Increase m their number 
and length was to provide added protection to leaves m 
such a polluted environment. All the structural alterations 
m epidermal characters observed both m chick-pea and lentil 
were defensive responses to alleviate the adverse effects 
of air pollutants on various physiological and biochemical 
processes of the plants. 
Seed germination and post-emergence mortality of seed-
lings of both the crops were influenced adversely at Doth 
the sites. The presence ot air pollutants in the soil pore 
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spaces and toxic substances of flyash in the soils, might 
have affected the enzymatic activities during the various 
stages of germination (Horsman and Wellbrurn, 1977; Wyss 
and Brunold, 1980; Pierre and Queiroz, 1982). The post-emer-
gence mortality of the seedlings was also correlated with 
the pollution concentration which demonstrated the direct 
involvement of air pollutants in their death. It is likely 
that all the seedlings at the tender age after the emergence 
could not resist the stress caused by the pollutants. 
The beneficial effect of Rhizobium on the plant growth 
and yield of leguminous crops is well recognised. Rhizobium 
develops nodules on the root system and fixes atmospheric 
nitrogen to supply the plants. Rhizobium in return obtains 
carbohydrates from the plants. Presence of Rhizobium ensures 
better plant growth of legumes. Similar effects were noticed 
m plant growth response of chick-pea and lentil to Rhizobium 
inoculations. As a results of better plant growth and supply 
of nitrogen, leaf chlorophyll and seed protein contents 
increased m the plants at the unpolluted site. Improved 
plant growth influenced all the physiological and biochemical 
processes of the leguminous plants. The increased root growth 
might have enhanced water absorption, causing greater water 
pressure in leaves. As a response to this altered physiolo-
gical condition, increase in the number and size of stomata, 
storatal aperture size and number and length of trichome-hydathodes 
seemingly occurred. For the same reasons, trichome count 
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and length night have been reduced. 
Root-knot nematodes, M. incognita and M. javanica 
caused growth and yield reductions both in chick-pea and 
lentil at the unpolluted site. They also reduced chlorophyll 
and protein contents. Lpidermal characters were also influen-
ced. M. incognita, and M. javanica attack a large number 
of crop plants and cause reduction m their growth and yield 
(Sasser, 1980; Sassoi and Carter 1982). This reduction 
results from dysf uncti onmg of the absorption and suppl^ j-
system of water and minerals m infected plants because 
of various anatomical and biochemical changes induced b> 
the nematodes. They obtain nutrients for their sustenance 
from the attacked plants and m turn plants suffer fron 
various elemental dGficiencies and show poor growth and 
yield (Masefield, 1958; Malek and Jenkins, 1964; Edongali 
and Ferns, 1980). M. incognita and M. j avanica are sedentary 
endoparasite and establish their host-parasite relationship 
through the formation of giant cells m the root tissues. 
They also deform and deshape xylem elements. Due to suppre-
ssion of root growth and damage caused to the vascular system; 
absorption and conduction of absorbed water are impaired. 
The loot knot diseased plants, therefore, show temporary 
Wilting during the noon. Due to these reasons, the number 
and size of stomata and size of stomatal aperture and the 
number and length of trichome-hydathodes were possibly 
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reduced and the numbot and length of trichomes increased 
to check the water loss. 
The root-knot nematodes and Rhizobium interacted anta-
gonistically and as a result mutual inhibition of root gall-
ing and root nodulation occurred. M. incognita and M. ]avani-
ca both were inhibitory for Rhizobium and root nodulation 
was suppressed in their presence. Similar results have been 
found by other workers on some legumes (Hussaini and Seshadri 
1975; Bopaiah e_t aj^ . , 1976). The nutrient deficiency caused 
by the nematodes m host plants (Masefield, 1958; Malek 
and Jenkins, 1964), competition between the nematode juveni-
les and root nodule bacteria (Ichimohe, 1961; Epps and 
Chambers 1962; Malek and Jonkin, 1964) reduced translocation 
(Nutman, 1965), overall reduction of root system (Taha and 
Raski, 1969), secretion of some toxic substances by the 
nematodes (Moriarty, 1962; Wardojo e_t ad^ . , 1963; Bergeson, 
1966; D^ney et^  ±L-> 1970) have been offered as possible 
reasons for such an affect of the nematode on root nodule 
bacteria. On the other hand, presence of Rhizobium adversely 
affected root galling and eggmass production of M. incognita 
and H. javanica on both chick-pea and lentil. In sequential 
inoculations, Hussaini and Seshadri, (1975) and Booaiah e_t 
al. (1976) also observed ieduced disease intensity caused 
by root-knot nematodes resulting from poor juvenile penetra-
tion. The chick-pea and lentil plants with improved vigour 
might have been more resistant for juvenile penetration 
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of the nematodes causing poor root galling. Anatagonistic 
interaction between the two organisms - Rhizobium (beneficial 
and Meloidogyne (harmful) caused increase m plant growth 
in comparison to plants inoculated with Meloidogyne alone. 
Their interaction also reflected m other parameters consi-
dered m the study. 
Rhizobium inoculation improved the plant growth and 
yield and increased the leaf chlorophyll and seed protein 
while the root-knot nematodes reduced their contents. M. 
incognita caused greater reductions than M. 3 avanica because 
of the greater disease intensity, which indicated differen-
tial susceptibility of both chick-pea and lentil to the two 
different species of Meloidogyne. In most of the cases, 
M. incognita suppressed completely the beneficial effects 
of Rhizobium and exhibited adverse effects on various para-
meters, due to greater pathogenicity, while the adverse 
effects of M. javanica which were little m comparison to 
M. incognita, were overcome and masked by the beneficial 
effects of Rhizobium. 
The root nodulation in both chick-pea and lentil were 
suppressed on plants grown in ambient air pollution. The 
direct toxic effects of the air pollutants on Rhizobium 
might have caused this suppression. Poor plant root growth might 
have indirectly aided it. In the controlled exposure studies, 
Remert and Weber (1980) and Klarer et a]^, , (1984) showed 
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that SO^ , SOp+NO^ reduced the number of bacterial nodules. 
The early death of the nodules might also be due to the toxic 
effects of the air pollutants. Researches have shown that 
both gaseous and particulate air pollutants adversely affect 
various soil microorganisms (Wong and Wong, 1980; Babich and 
Stotzky, 1982). The results of survey around the Thermal Power 
Plant, Kasimpur also showed the pollution induced inhibition 
of root nodulation, with a correlation with the pollution 
level (Section I) . 
The ambient air pollution also reduced the disease 
intensity caused by the nematodes, as observed m the survey 
(Section I). The reproduction of the nematodes also suffered. 
The inhibitory effect of air pollution on root-knot nematodes 
might have been caused either directly by reducing the root 
ingress of juveniles or indirectly through the host plants, 
which could not provide enough infection sites and support 
proper development of the nematodes because of its poor growth 
under the pollution stress. Consequently, less eggmasses were 
formed. The effect of the ambient air pollution showed a 
correlation with the pollution level because root galls and 
eggmasses were less at K, than K_. Earlier studies have shown 
that the responses of nematodes to air pollutants are quite 
variable. Gaseous air pollutants either inhibit plant nemato-
des or enhance them, while some remain unaffected. 0-. and 
O3-SO2 mixture inhibited H. glycines and P. minor but B. 
longicaudatus remained unaffected. Foliar injury of begonia 
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caused by 0 and 0,-SO mixture also inhibited A. fraqariae. 
Exposure of soybean plants to SO enhanced the reproduction 
of P. penetrans m comparison to plants exposed to the char 
coal filtered control air or 0, (Weber e_t aJ. , 1979). M. hapla 
has been shown to be favoured by 0^ - S0_ mixture exposure 
on tobacco m the form of increased galling (Bisessar and 
Palmer , 1984 ) . 
In the present study, the ambient air pollution and 
the root-knot nematodes interacted antagonistically, m which 
root galling and eggmass production of both the nematodes 
on chick-pea and lentil were suppressed. In relation to plant 
growth, yield; leaf pigments and seed proteins, the antagonis-
tic interaction of root-knot nematodes and ambient air pollu-
tion ameliorated the reductions caused by the nematodes. 
This was apparently due to inhibition of root-knot nematodes. 
In general the sum of the total of the reductions m plant 
growth, yield, leaf pigments and seed proteins caused by the 
ambient air pollution and root-knot nematodes (either species) 
individually was greater than the reductions caused by the 
combined effects of the ambient air pollution and either 
species of Meloidogyne. The interaction between the ambient 
air pollution and Rhizobium was also antagonistic, where 
root nodulation was greatly suppressed. Though the root nodu-
lation was suppressed/ the interactive effects of the ambient 
air pollution, root-knot nematodes and Rhizobium caused less 
reductions m parameters tlian the reductions caused by the ambient air 
pollution and root-knot nematodes m the absence of Rhizobium. 
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Air pollution monitoring in the vicinity of the 
Thermal Power Plant, Kasimpur showed that air pollutants 
like SOp, NO- and suspended particulate matter were present 
m the ambient air. Their concentration was greater at 1/2 km 
site (K. ) than 2 km site (K_). Flyash desposition was also 
greater at K. than K^. 
The ambient air pollution adversely affected seed 
germination and survival of the seedlings of chick-pea and 
lentil. The suppression in seed germination and mortality 
of the seedling were greater at K. than K_ . The reduction 
in seed germination was greater in chick-pea than lentil 
while post-emergence of mortality of the seedlings was grea-
ter m lentil than chick-pea at both the polluted sites. 
The ambient air pollution adversely affected plant 
growth (length, fresh and dry weights of shoot and root), 
flowering and fruiting, leaf pigments and seed proteins of 
chick-pea and lentil. The adverse effects of the ambient 
air pollution on all the considered parameters was consis-
tently greater at K. than K_. 
Rhizobium promoted plant growth,yield,leaf pigment and 
seed protein contents of both the crops. These favourable effects of Rhi-
zobium were reduced by the ambient air pollution. M. incognita and 
M. javanica caused the damaging effects on chick-pea and lentil 
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m relation to plant growth, yield, leaf pigments and seed 
proteins. These effects were reduced by the ambient air 
pollution. Rhizobium interacted antoginistically with the 
root-knot nematodes and reduced the damages caused by the 
nematodes. But the ambient air pollution suppressed the 
antagonistic interaction of Rhizobium with M, incognita 
or M. J avanica, suppressing both the organisms. These effects 
of ambient air pollution were invariably greater at K. . 
Root galling and eggmass production of M. incognita and 
M. javanica was adversely affected by the ambient air pollu-
tion on both the crops. Rhizobium also suppressed root-gall-
m g and eggmass production of both the species of Meloidogyno• 
Air pollution suppressed the adverse effect of Rhizobiui' 
on root-knot nematodes. The suppressive effect of the aii 
pollution was greater at K- than K„ . The ambient air pollu-
tion also adversely affected root-nodulation by Rhizobium 
on both the crops. The suppression in root nodulation was 
greater at K. than K . Both the species of Meloidogyne also 
suppressed the root nodulation and infected some of the 
nodules. The suppressive effects of root-knot nematodes 
were reduced by the ambient air pollution, being greater 
at K^  . 
Leaf epidermmal characters of both chick-pea and 
lentil responded variously to the ambient air pollution. 
The number of stomata and trichome-hydathodes and their 
dimensions, were adversely affected while number and length 
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of tiichomes were increased. Rhizobium increased the number 
of stomata, size of stomata and stomatal aperture and number 
and length of trichome-hydathodes and decreased the number 
and length of trichomes. These effects of Rhizobium were 
suppressed by the ambient air pollution. The root-knot nema-
todes also decreased the number and size of stomata and 
stomatal aperture and trichome-hydathodes and increased 
the numbei and length of trichomes. The effects of M 
incognita were greater than M. javanica. Rhizobium suppressen 
these effects of the loot-knot nematodes when present toge 
ther on the roots. The effects of both the species of 
Meloidogyne, separately and incombmation with Rhizobium 
were suppressed by the ambient air pollution. The effect 
of ambient air pollution was invariably greater at K- than 
I OlM I I I 
INTERACTION OF SO2/O /SO^-O MIXTURE, ROOT-KNOT NEMATODES 
AND ROOT NODULE BACTERIA ON CHICK-PEA AND LENTIL 
Sulphur dioxide (SO^) and nitrogen dioxide (NO-,) 
constitute ma]or portion of the gaseous effluents produced 
during the burning of coal and mineral oil and smelting 
and refining of ores. NO^ in the lower atmosphere converted 
into 0-, due to photolysis in the presence of hydrocarbons. 
The pollutants differ m their relative toxicity for plants. 
According to Remert (1984) the order of their phytotoxicit> 
IS : 0^, SO^ and N0_. In the present study an attempt has 
been made to study the interaction of S0„ and 0^ alone 
and in combination with root-knot nematodes and root nodule 
bacteria m artificial exposures and assess their intera-
ctive effects on plant growth, yield, leaf pigments, seed 
proteins, leaf epidermal characters and root-l<not disease 
and root nodulation on chick-pea and lentil. Additionally, 
impact of SO^, 0-. and S0^ + 0_. exposures on seed germination 
of chick-pea and lentil, o^ vitro growth of chick-pea and 
lentil strains of Rhizobium and juvenile hatching of the 
root-knot nematodes, M. 3 ncognita and M. ]avanica were 
also examined. 
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Seed germination 
To assess the impact of gaseous air pollutants (S0_ , 
0-, and their mixture) on seed germination, seeds of chick-
pea (cv. T-3) and lentil (cv, T-36) were sown separately 
m seven sets of 30 cm clay pots (100 seeds/pot) containing 
sterilized sand. Pots were moistened with sterilized disti-
lled water. Twenty four hours after sowing, the pots were 
exposed to S0„ and 0, singly, and in mixture (Table 1) 
for 4 hours in dynamic state exposure chambers (Standard 
Appliances, Varanasi). Each treatment was replicated five 
times. 
The chambers were made up of transparent Incite 
sheet. The height of chambers was 120 cm and cross sectional 
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areas was 8100 cm . The bottom plate of chambers was perfo-
rated. Perforation in the bottom plate m the form of nozz-
les and orifices provided smooth flow of thoroughly mixed 
air with pollutant(s) through the chambers. Air intake 
and circulation m the chamber was maintained by electric 
blower mounted under the bottom plate and controlled by 
an electronic regulator. Air entered m the chamber through 
the perforated base and passed out via an exhaust duct 
located at the top of the chamber. 
The blower was provided with specific blades 
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for drawing air and maintaining a pressure drop at the 
suction end of the assembly. A ring shaped perforated 
tube was mounted at the suction side of blower through 
which gaseous pollutant(s) was dispensed. The gaseous pollu-
tants(s) was instantly taken up, mixed with air and the 
mixture was contmously pushed into the chambers through 
the nozzles and orifices provided in the bottom plate of 
chambers. 
SO ^ was generated m a generator by the reaction 
of sodium sulphite and H_SO. and 0-, was obtained by the 
UV ozone generator (Standard Appliances, Varanasi). Genera-
tors were connected with the blower of the chamber by i 
PVC tube. The diffeient concentrations of SO^ and 0^ wer^ ^ 
obtained by changing the amount of air intake in the expo-
sure chambers. For studying the effect of single pollutant 
(SO^ or 0-^ ) the generators were connected separately with 
the exposure chambers. The mixture of both SO^ and 0, was 
obtained by connecting both the generators in one exposure 
chamber . 
For determining the concentration of air pollutants 
during the exposure period, sampling were done by air samp-
ler (Kimoto, Japan) and analysed in laboratory. The concen-
tration of SO^ and 0_,, m the sampled air were determined 
by Weast and Fack method and Alkaline KI method respectively as 
prescribed by National Environmental Engineering Research 
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Institute, Nagpur in its Air Quality Monitoring Course 
Manual (Anon. , 1986 ) . 
The following treatments of gases were considered 
for the exposure -
1 = Unexposed (control) 
2 = SO2 (0.1 ppm) 
3 = SO2 (0.2 ppm) 
4 = 0, (0.1 ppm) 
5 = 0^ (0.2 ppm) 
6 = SO2 + 0^ (0.1+0.1 ppm) 
7 = SO + 0^ (0.2+0.2 ppm) 
After 4 days of the first exposure , pots were again 
exposed to the same dosage of the pollutants. 
In all the treatments including the control, success-
fully germinated seeds and the seedlings which died after 
emergence were counted after ten days of sowing. During 
the study period the pots were moistened regularly. 
Growth of Rhizobium 
Chick-pea and lentil strains of Rhizobium were grown 
separately in seven sets of 10 cm petriplates containing 
25 ml YMA with five replications. Six sets of the petripla-
tes were exposed twice for 4 h m one time exposure to 
SO^ and 0-, alone and in mixture treatments as considered 
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for seed germination. First exposure was given one day 
after inoculation and later 4 days after the first exposure, 
for 4 h m micro-exposure chamber (Standard Appliances, 
Varanasi) m aseptic condition. The micro-exposure chambers 
were kept m the exposure chambers. The pollutants were 
generated and their concentrations were maintained in the 
exposure chambers as done for seed germination. Air 
and pollutant(s) mixtures of desired concentration maintai-
ned in exposure chamber was passed through air sterilization 
unit fitted with filter. The sterilization unit was attached 
with micro-exposure chamber. 
Exposed and unexposed (control) petriplates were 
incubated at 28j^ 2 C m an incubator. After ten days of 
incubation of the petriplates, radial growth of Rhizobium 
colonies was measured. 
Juvenile hatching 
To assess the impact of the pollutants considered 
m the study on the juvenile hatching of M. incognita and 
M. ] avanica 50 eggmasses of almost equal size of each spe-
cies were kept m 7 cm paper cups containing sterilized 
sand and cups were than moistened with sterilized distilled 
water. The cups were divided into 7 sets having five repli-
cates. Each set of cups exposed twice to the various doses 
of air pollutants as done in case of seed germination. 
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The cups were kept m glasshouse before and after exposure 
to pollutants. After 10 days, the hatched juveniles from 
each treatment were isolated and collected over 500 mesh 
sieve and counted. The sand in cups was moistened regularly 
during the study period. 
Interaction studies 
To study the interaction of S02/0^/S0_+0,, root-
knot nematodes and root-nodule bacteria on chick-pea 
(cv. T-3) and lentil (cv. T-36), the plant culture and 
the inoculations of Rhizobium and M. incognita and M. 
javanica were done as described m the section II. The 
pollutant exposures as considered for seed germination 
were given to each set of pots for 4 h at one time exposure, 
twice a week till the termination of the experiment since 
the start of exposure. 
The exposures of plants to various air pollutants 
were started at three different times in relation to nema-
tode inoculation as given below: 
(1) Exposure I ( Pre-moculation exposure) 
Exposure started one week before nematode inoculation. 
(11 ) Exposure II (Simultaneous inoculation exposure) 
Exposure started at the time of nematode inoculation, 
(ill) Exposure III ( Post-moculation exposure) 
Exposure started after one week of nematode inoculation. 
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During the study period the pots were kept m glass-
house under the unpolluted air after exposure to the pollu-
tants . 
After 100 days of sowing, the experiment was termi-
nated and all the parameters considered for the study were 
determined as described m the section II. 
Seed germination 
Seed germination of both chick-pea and lentil were 
variously suppressed by SO^ and 0-, individually and by 
their mixtures. The adverse effects of 0.2 ppm of SO^ and 
0-, acting alone and of their mixture (SO^+O-,, 0.2 ppm each) 
were greater than the 0.1 ppm of the pollutants. SO- at 
0.1 ppm, however, did not suppress seed germination of 
lentil. The post-emergence mortality of seedlings of both 
chick-pea and lentil was increased due to pollutant expo-
sures. 0^ was more effective than SO^ at both the concentra-
tions m these respects. The reduction m seed germination 
of chick-pea was greater than lentil while the post-emer-
gence mortality of seedlings was greater m lentil than 
chick-pea due to the pollutant exposures. The mixtures 
of S0_ and 0-^  at both the concentrations were more effective 
than the pollutants acting individually (Table 1 ) . 
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Table 1. Effect of SO^, 0-, and SO -0, mixtures on seed 
germination of chick-pea and lentil. 
Pollutant Chick-pea Lentil 
PP™ Germma- Reduc- Seed Germma- Reduc- Seed-
tion tion ling ation tion ling 
over mort- over morta-
control ality control lity 
Control 
SO2(0.1 ) 
SO2(0.2) 
03(0.1 ) 
0^(0.2) 
SO +0,(0. 
^ ^ 0. 
SO2.O3 
(0.2+0.2) 
1 + 
1 ) 
93 
91 
81 
86 
74 
81 
72 
2.15 
12.90 
7.53 
20.43 
1 2.90 
22.58 
1 
8 
1 6 
1 1 
20 
1 4 
23 
87 
87 
79 
81 
74 
80 
71 
0.00 
9.20 
6.90 
1 4.94 
8.05 
1 8.39 
2 
11 
20 
13 
25 
1 5 
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Growth of Rhizobium 
In vitro growth of chick-pea and lentil strains 
of Rhizobium was suppressed by SO2/ O3 and SO2-O3 mixtures. 
The per cent reductions obtained m growth of chick-pea 
and lentil strains of Rhizobium by various treatments are 
reported in Table 2. Both SO^ and 0, were more effective 
at 0.2 ppm than 0.1 ppm m suppressing the growth. SO2 at both 
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Table 2. Effect of SO^, 0^ and SO- - 0, mixtures on growth 
of chick-pea and lentil strains of Rhizobium 
in vitro. 
7 . 4 
5 . 6 
5 . 3 
5 . 8 
5 . 3 
4 . 5 
3 . 5 
2 4 . 3 2 
2 8 . 3 8 
21 . 6 2 
2 8 . 3 8 
3 9 . 1 9 
5 2 . 7 0 
1 3 . 6 
1 0 . 9 
1 0 . 2 
1 0 . 3 
9 . 4 
8 . 7 
6 . 8 
1 9 . 8 5 
2 5 . 0 0 
2 4 . 2 6 
3 0 . 8 8 
3 6 . 0 3 
5 0 . 0 0 
Pollutant Chick-pea strain Lentil strain 
PP"'! Colony Reduction Colony Reduction 
growth over con- growth over control 
(radia) rol % (radial) % 
mm mm 
Control 
SO2(0.1) 
SO2(0.2) 
03(0.1 ) 
03(0.2) 
302+03(0.1+0.1) 
SO2+O (0.2+0.2)  
the concentrations, was more suppressive for chick-pea 
strain than lentil strain. O , on the other hand at both 
concentrations was more effective in suppressing the growth 
of lentil strain than chick-pea strain. The mixture of 
the gases at both the concentrations caused greater reduc-
tions m growth than their individual exposures. 
Juvenile hatching 
Juvenile hatching of both M. incognita and M. javanica 
was adversely affected by SO2, O3 and the mixtures of SO 
and 0,. The effects on juvenile hatching are given in 
Table 3. 
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Table 3. Effect of SO2, O and SO-, - 0 mixtures on juve-
nile hatching of Meloidogyne incognita and M, 
J avanica. 
Pollutant ^- incognita M. ]avanica 
3.51 
11.23 
8.42 
31 .23 
22. 46 
263 
257 
236 
249 
1 92 
217 
2.28 
1 0.27 
5.32 
27.00 
1 7.49 
PPrn Juvenile/ Reduction Juvenile/ Reduction 
eggmass over eggmass over cont-
control % rol % 
Control 285 
302(0.1) 275 
SO2(0.2) 253 
0(0.1) 261 
0^(0.2) 196 
SO +0 221 
(0.1+0.1 ) 
SO +0 155 45.61 156 40.68 
(0.2+0.2) 
The effects were related to the air pollutant(s) 
involved and the concentration used in exposures. 0^ at 
both the concentrations was comparatively more inhibitory 
than SO-. The higher concentration (0.2 ppm) of each gas 
or their mixture caused inhibition than their lower concen-
tration (0.1 ppm). The mixtures of the gases at both the 
concentrations caused greater inhibitory effect. All the 
exposures were more inhibitory for M. incognita than M^. 
3avanica, regardless of kind or concentration of the air 
pollutant (Table 3 ) . 
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CHICK-PEA, Cicer arietinum L. 
SULPHUR DIOXIDE (SO ) 
Plant growth and yield 
In general 80^ caused significant reductions in 
plant growth (length, fresh and dry weights of shoot and 
root) and yield characters (number of flowers and fruits/ 
plant) of chick-pea. The reductions caused by 0.2 ppm SO-
were greater than 0.1 ppm. When Rhizobium was inoculated, 
it significantly increased plant growth and yield characters 
in comparison to plants without Rhizobium. When Rhizobium 
inoculated plants were exposed to either concentration 
of SO-, plant growth and yield were reduced. But plant 
growth and yield were greater than the plants without 
Rhizobium, exposed to respective concentration of SO-. 
Both M. incognita and M. javanica reduced the plant growth 
and yield. When plants inoculated with either species of 
Meloidogyne were exposed, plant growth and yield reduced 
m comparison to unexposed plants with nematodes and the 
exposed plants without nematodes. In the presence of 
Rhizobium all the growth and yield parameters were also 
reduced by M. incognita except dry weight of shoot which, 
however, showed significant increase. M. javanica in the 
presence of Rhizobium did not cause significant reductions 
m plant growth and yield. Insted increase occurred in 
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all the growth and yield parameters. When plants inoculated 
with Rhizobium and either species of Meloidogyne were expo-
sed to SO2 concentrations, plant growth and yield decreased 
in comparison to plants inoculated with Rhizobium alone 
or with Rhizobium and M. incognita or M. javanica or 
Rhizobium inoculated exposed plants. Plant growth and yield 
parameters were highest in simultaneous inoculation expo-
sures and lowest m post-inoculation exposures (Tables 
4 and 5, Figs. 1A and IB) 
Root-knot disease and root nodulation 
S0„ significantly reduced root-gallmg and eggmass 
production of both M. incognita and M. ]avanica. Suppressive 
effect of 0.2 ppm SO^ was greater than 0.1 ppm. Root gall-
ing and eggmass production of M. incognita and M. :) avanica 
were also inhibited by Rhizobium. Root galling and eggmass 
production of the nematodes were further suppressed by 
the exposures in the presence of Rhizobium. Root-galling 
and eggmass production of both the species were highest 
m post-moculation exposures and lowest in simultaneous 
inoculation exposures. The same trend was noticed even 
m the presence of Rhizobium (Table 6). 
« 
Root nodulation was significantly suppressed by the 
SO^ exposures (0.1 ppm and 0.2 ppm). The suppressive effect 
of 0.2 ppm SO^ was greater than 0.1 ppm. Root nodulation 
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was also suppressed by the root-knot nematodes. Root nodu-
lation was further suppressed when the plants inoculated 
with Rhizobium and either species of root-knot nematode 
were exposed to 30^. The number of total, functional and 
infected nodules was reduced by S0_ exposures m comparison 
to the unexposed plants with Rhizobium and root-knot nema-
tode. The number of total and functional nodules were smaller 
than exposed plants inoculated with Rhizobium alone. The 
number of total and functional nodules was greatest m 
simultaneous inoculation exposures and smallest in post-
moculation exposures. The number of nodules infected with 
the nematodes was highest in pre-inoculation exposures 
and lowest in simultaneous inoculation exposures (Table 6). 
Leaf pigments and seed proteins 
Leaf pigments (chlorophyll a, chlorophyll b and total 
chlorophyll) and seed proteins (soluble, insoluble and 
total protein) were significantly reduced by the S0_ expo-
sures of the plants. Reductions were greater by 0.2 ppm 
than 0.1 ppm. When Rhizobium inoculated plants were exposed, 
leaf pigments and seed proteins were greater than exposed 
plants without Rhizobium and were smaller than the unexposed 
plants with Rhizobium. Both M. incognita and M. j avanica 
reduced the leaf pigments significantly at 0.1 ppm and 
seed proteins non-significantly. When the plants inoculated 
with root-knot nematode (either species) were exposed, 
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leaf pigments and seed proteins were reduced and were less 
than the exposed plants without nematode or unexposed plants 
inoculated with root-knot nematode (either species). Loss 
in leaf pigments and seed protein contents of plants occu-
rred, when the plants inoculated with M. incognita or M, 
javanica and Rhizobium were exposed to either concentration 
of S0_ m comparison to unexposed plants with both Rhizobium 
and nematodes and were also smaller than exposed plants 
inoculated with Rhizobium. The leaf pigments and seed pro-
teins were highest m simultaneous inoculation exposures 
and lowest m the post-inoculation exposures (Table 7, 
Figs. 1C and ID). 
Leaf epidermal characters 
Stomata and trichome-hydathodes on the leaf surfaces 
of chick-pea were adversely affected by S0_ exposures but 
the trichomes responded favourably. The effects of 0.2 ppm 
SO^ were greater than 0.1 ppm. Number and size of stomata 
and the number and length of trichome-hydathodes decreased 
significantly due to S0_ exposure . The reduction in the 
size of stomatal aperture was also significant at P = 0.05. 
Rhizobium inoculation increased the number of stomata, 
size of stomata and stomatal aperture and the number and 
length of trichome-hydathodes. When Rhizobium inoculated 
plants were exposed to 0.1 or 0.2 ppm S0_, all these para-
meters of epidermal characters were reduced .These parameters m 
141 
exposed plants inoculated with Rhizobium were significantly 
greater than the exposed plants without Rhizobium. M. 
incognita and M. javanica adversely affected these epidermal 
characters. In the root-knot nematode inoculated plants 
exposed to S0_, the measures of epidermal characters (stoma-
ta and trichome-hydathodes) were significantly smaller 
than inoculated unexposed plants or the uninoculated plant 
exposed to S0„. In the plants inoculated with Rhizobium 
and M. incognita, the number of stomata on lower surface 
and trichome-hydathodes on upper surface (at P = 0.01) 
and number of stomata on upper surface (at P =0.05) increa-
sed significantly. Increase m the size of stomata, length 
of trichome-hydathodes on both surfaces and number of 
trichomes-hydathodes on lower surface and decrease in the 
size of stomatal aperture on both surfaces were not signifi-
cant. Rhizobium together with M. ]avanica increased signifi-
cantly the number and size of stomata and the number and 
length of trichome-hydathodes. Increase m the size of 
stomatal aperture on lower surface and decrease on the 
upper surface were not significant. In the plants inoculated 
with M. javanica and Rhizobium when exposed to 0.1 ppm 
S0„, the number of stomata on lower surface and the number 
and length of trichome-hydathodes on both the leaf surfaces 
were greater than unexposed plants (control), while other 
parameters were smaller. In the plants inoculated with M. 
incognita together with Rhizobium and exposed to 0.1 ppm 
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SO2 and m the plants inoculated with either species of 
Meloidogyne together with Rhizobium and exposed to 
0.2 ppm SO all these parameters were smaller than the 
unexposed inoculated plants. The measures of leaf epidermal 
characters were highest and lowest respectively m simul-
taneous and post-inoculation treatment of S0_ (0.1 and 
0.2 ppm) (Tables 8, 9 and 10). 
The number of trichomes on the leaf surfaces of 
chick-pea and was increased significantly by S0„ exposures. 
Rhizobium alone decreased the number and length of trichomes. 
In the plants inoculated with Rhizobium and exposed to 
S0_, the number and length of trichomes were greater than 
the plants inoculated with Rhizobium alone and were smaller 
than the unmoculated plants exposed to SO^. Both M. 
incognita and M. javanica increased the number and length 
of trichomes. The number and length of trichomes m plants 
inoculated with either species of Meloidogyne and exposed 
to SO^ were greater than unexposed plants (control) inocu-
lated with the nematode. M. incognita and H. 3 avanica, 
together with Rhizobium decreased the number and length 
of trichomes. The number of trichomes m the exposed plants 
(0.1 and 0.2 ppm) inoculated with both Rhizbium and root-
knot nematode was greater than the unexposed plants mocula-
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ted with Rhizobium and the root-knot nematode. The number 
and length of trichomes m exposed plants inoculated with 
Rhizobium and root-knot nematode were greater than the 
exposed plants inoculated with Rhizobium. However, the 
plants inoculated with Rhizobium and M, j avanica, number 
and length of trichomes on upper leaf surface were signi-
ficantly (P = 0.05) greater due to simultaneous exposure 
of SO^ (00.1 ppm and 0.2 ppm) the length of trichomes on 
lower surface was significantly (P = 0.05) greater m the 
simultaneous exposure to 0.1 ppm S0_. Number and length 
of trichomes were highest in post-moculation exposures 
and lowest m simultaneous exposures (Table 11). 
OZONE (O,) 
Plant growth and yield 
Plant growth and yield of chick-pea were also signi-
ficantly suppressed by 0-,. Like S0_ , ozone at 0.2 ppm was 
more toxic than 0.1 ppm. In the Rhizobium inoculated plants 
exposed to 0-,, plant growth and yield were reduced m compa-
rison to unexposed Rhizobium inoculated plants. The growth 
1 48 
and yield were, however, significantly greater than the 
exposed plants without Rhizobium. Plant growth and yield 
parameters m the plants inoculated with either M. incognita 
and M. javanica and exposed to either concentration of 
0, were reduced m comparison to unexposed nematode inocu-
lated plants. Plant growth parameters were non-significantly 
smaller than the exposed plants without nematode inocula-
tion. But the yield was significantly reduced. When plants 
inoculated with both Rhizobium and either species of 
Meloidogyne were exposed, the plant growth and yield were 
reduced m comparison to unexposed plants with Rhizobium and 
and nematode. Plant growth parameters of M.incognita inoculated 
plants were affected variously, while yield parameters 
were significantly smaller m comparison to the unmoculated 
plants treated with 0-,. All these parameters m M. incognita 
inoculated plants were significantly smaller than the expo-
sed plants inoculated with Rhizobium. Plant growth and 
yield of plants inoculated with M. javanica and Rhizobium 
were greater than unmoculated plants and were smaller 
than the Riizobium inoculated and exposed plants. All 
the growth and yield parameters were highest m simultaneous 
inoculation exposures and lowest m post-inoculation expo 
sures (Tables 12 and 13, Figs. 2A and 2B). 
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Root-knot disease and root nodulation 
OT significantly suppressed root-knot disease and 
root nodulation at both the concentrations; being greater 
at 0.2 ppm. The number of galls and eggmasses in Rhizobium 
inoculated exposed plants were smaller than unexposed plants 
inoculated with Rhizobium and either species of Meloidogyne 
or than root-knot nematode inoculated exposed plants. The 
number of galls and eggmasses was greatest in post-inocula-
tion exposure and lowest m simultaneous inoculation 
exposure (Table 14). 
The number of total and functional nodules was reduced 
when the Rhizobium inoculated plants were exposed to 0, 
concentrations. When the plants inoculated with Rhizobium 
and either species of Meloidogyne were exposed to 0-., the 
number of nodules were reduced and the number was smaller 
than unexposed plants or the Rhizobium inoculated exposed 
plants. The number of total and functional nodules was high-
est m simultaneous inoculation exposure and lowest in 
post-inoculation exposure of plants to 0... The number of 
nodules infected with root-knot nematodes was reduced m 
the 0^ exposed plants. Number of infected nodules were 
highest m pre-moculation exposures and lowest in simulta-
neous exposures (Table 14). 
Leaf pigments and seed proteins 
Leaf pigments and seed proteins were significantly 
reduced by the 0-. exposures. The reductions were greater 
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due to 0.2 ppm 0 than 0.1 ppm. When the x^hizobium inocu-
lated plants were exposed to either concentration of 0,, 
the leat pigments and seed proteins were reduced m compa-
rison to unexposed plants. But the leaf pigments and seed 
proteins m 0.1 ppm exposure were significantly greater 
than uninoculated exposed plants. Soluble protein m 
0.2 ppm 0^ exposure of plants was jreater than unexposed 
plants in pre- and simultaneous inoculation exposure 
(significant at P = 0.05) and post-moculation exposure 
(significant at P = 0.01). Insoluble and total proteins 
were greater than exposed plants without Rhizobium. Leaf 
pigments and seed proteins m the exposed plants inocula-
ted with either M. incognita or M_^  j avanica were smaller 
than unexposed plants inoculated with root-knot nematodes 
or than the exposed uninoculated plants. Leaf pigments 
and seed proteins m the plants inoculated with Rhizobium 
and M. incognita or M. j avanica and exposed to 0.1 and 
0.2 ppm O, were reduced and the values were smaller than 
unexposed plants inoculated with Rhizobium and root-knot 
nematodes and to the exposed plants inoculated with 
Rhizobium. Leaf pigments in the exposed plants inoculated 
with Rhizobium and root-knot nematodes were smaller than 
the exposed plants without any inoculation. Seed protein 
contents m exposed plants inoculated with Rhizobium and 
root-knot nematode were affected variously when compared 
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est m simultaneous inoculation exposure and lowest m 
post-moculation exposure of plants (Tables 16, 17 and 
18). 
The number and length of trichomes increased signifi-
cantly at P = 0.01 m the plants exposed to O-,. The increase 
Was greater due to 0.2 ppm 0-. than 0.1 ppm. The increase 
m length of trichomes on the lower leaf surface due to 
0.1 ppm exposure was significant only at P = 0.05. Number 
and length of trichomes in the exposed plants inoculated 
with Rhizobium were greater than the unexposed plants and 
were smaller than the exposed plants without Rhizobium 
inoculation. In the exposed plants inoculated with either 
species of Meloidogyne, the number of trichomes were more 
than the unexposed plants or the exposed plants without 
root-knot nematode inoculation. Length of trichomes increa-
sed non-significantly m pre- and post-moculation exposures 
and on the lower leaf surface m the simultaneous exposure 
of 0-, and decreased on the upper leaf surface m the M. 
incognita inoculated plants. Length of trichomes in M. 
javanica inoculated exposed plants increased and the values 
were greater than unexposed plants. Length of trichomes 
was greater than the exposed plants without nematode inocu-
lation. The number and length of trichomes m exposed plants 
inoculated with root-knot nematode alongwith Rhizobium 
were greater than unexposed plants; Rhizobium inoculated 
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exposed plants, and exposed plants without any inoculation. 
The number and length of trichomes were highest m post-
moculation exposure and lowest in the simultaneous inocula-
tion exposnre(Table 19). 
SULPHUR DIOXIDE AND OZONE MIXTURE (SO2+O,) 
Plant growth and yield 
Plant growth and yield characters were reduced signi-
ficantly by the mixture of S0„ and 0,. The effect of 0.2 
ppm mixture was greater than 0.1 ppm mixture of the pollu-
tants. When Rhizobium inoculated plants were exposed to 
SO^-0-, mixture, plant growth and yield were reduced m 
comparison to Rhizobium inoculated unexposed plants. But 
the plant growth and yield were greater than the exposed 
plants without Rhizobium inoculation. M. incognita and 
M. 3 avanica suppressed the plant growth and yield. When 
the nematode inoculated plants were exposed to SO^ + O^, 
the plant growth and yield were further reduced and the 
values were smaller than the nematode inoculated unexposed 
plants or the exposed plants without nematode inoculation. 
Plant growth and yield parameters were affected variously 
by M. incognita or M. javanica m plants inoculated with 
Rhizobium. Plant growth and yield parameters m the S0_+0, 
exposed plants inoculated with both Rhizobium and root knot 
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nodule bacteria on some parameters of ch ick-pea m simultaneous inoculation 
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root-knot nematodes and root 
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nematodes were smaller than the nematode and Rhizobi 
urn 
inoculated unexposed plants. These parameters were also 
smaller than the exposed plants inoculated with Rhizobium 
and were affected variously m comparison to the exposed 
plants without any inoculation. In relation to exposure 
of pollutants and nematode inoculation timing, plant growth 
and yield parameters were highest m simultaneous inocula-
tion exposure and lowest m post-moculation exposure 
(Tables 20 and 21, Iiys. 3A and 3B). 
Root-knot disease and root nodulation 
Like suppressive effects of S0_ and 0-, alone, their 
mixture also adversely affected root nodulation and root-
knot disease on chick-pea. The adverse effect of 0.2 ppm 
mixture was greater than the mixture of 0.1 ppm of each 
of the gases. The number of galls and eggmasses of M. 
incognita and M. javanica were reduced. Rhizobium alone 
also caused reduction m root galling and eggmass production 
of M. incognita and M, javanica. When the plants inoculated 
with either species c£ i-leloidogyne and Rhizobium were exposed, 
the number of galls and eggmasses were reduced m comparison 
to the unexposed plants inoculated with both the organisms 
or to the exposed plants inoculated with root-knot nematode 
alone. Tne reduction m number of galls and eggmass was 
highest in simultaneous inoculation exposure and lowest 
m post-moculation exposure (Table 22). 
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The mixture of the pollutants significantly reduced 
the number of nodules. M. incognita and M. javanica both 
reduced the number of nodules and also infected some nodules 
The number of nodules m the exposed plants inoculated 
with both Rhizobium and root-knot nematodes was smaller 
than the unexposed plants or than the exposed plants inocu-
lated with Rhizobium alone. The number of total and functio-
nal nodules were highest m simultaneous inoculation expo-
sure and lowest in post-inoculation exposure. The number 
of nodules infected with either M. incognita or M. javanica 
was also significantly reduced m the plants exposed to 
the pollutant mixtures. The number of infected nodules 
was highest in pre-moculation exposure and lowest m simul-
taneous inoculation (Table 2 2 ) . 
Leaf pigments and seed proteins 
Significant reduction occurred m leaf pigments and 
seed proteins by exposure of plants to the mixtures of 
S0„ and 0-.. The reduction was greater due to the mixture 
of 0.2 ppm of the gases than the mixture of 0.1 ppm. Signi-
ficant reductions also occurred when Rhizobium inoculated 
plants were exposed. But the leaf pigments and seed proteins 
were more than the exposed plants without Rhizobium inocu-
lation. In the exposed plants inoculated with either species 
of Meloidogyne, the leaf pigments and seed proteins were 
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reduced m comparison to the unexposed plants and the values 
were smaller than the exposed plants without nematode inocu-
lation. When the nematode and Rhizobium inoculated plants 
were exposed to the mixture of SO2 and 0,, leaf pigments 
and seed proteins were reduced m comparison to inoculated 
unexposed plants. The leaf pigments and seed proteins in 
exposed plants inoculated with Rhizobium and root-knot 
nematode were greater than the exposed plants without any 
inoculation and were smaller than the exposed plants inocu-
lated with Rhizobium. The leaf pigments and seed proteins 
were highest m simultaneous inoculation exposure and lowest 
m post-moculation exposure (Table 23, Figs. 3C and 3D). 
Leaf epidermal characters 
SO^ and 0-, mixtures reduced the number of stomata, 
size of stomata and stomatal aperture and the number and 
length of trichome-hydathodes on chick-pea leaves. The 
adverse effect of mixture of 0.2 ppm of the gases was grea-
ter than the mixture of 0.1 ppm. In the exposed plants 
inoculated with Rhizobium, stomatal number and size, size 
of stomatal aperture and number and length of trichome-
hydathodes were reduced when compared to the unexposed 
plants and were greater than the exposed plants without 
Rhizobium inoculation. In the exposed plants inoculated 
with root-knot nematodes, the number and size of stomata 
and the number of trichome-hydathodes were reduced m compari-
1 71 
son to unexposed plants. The size of stomatal aperture 
was affected variously and length of trichome-hydathodes 
was reduced m the exposed plants inoculated with root-
knot nematode in comparison to unexposed plant. All the 
leaf epidermal parameters in exposed plants inoculated 
with Rhizobium were smaller than the exposed plants without 
any inoculation. M. incognita and M. javanica separately, 
together with Rhizobium increased all the parameters. The 
size of stomatal aperture m plants inoculated with M. 
incognita alongwith Rhizobium, however, decreased. Number 
of stomata, size of stomata and stomatal aperture and the 
number and length of trichome-hydathodes were smaller m 
the exposed plants inoculated with Rhizobium and root-knot 
nematode m comparison to unexposed plants and to the expo-
sed plants inoculated with Rhizobium alone. These parameters 
were greater than the exposed plants without any inoculation 
The size of stomatal aperture m exposed plants inoculated 
with Rhizobium together with M. incognita were, however, 
smaller than exposed plants without inoculations. All the 
measures of leaf epidermal characters were highest m simul-
taneous inoculation exposure and lowest m post-moculation 
exposure (Tables 24, 25 and 26). 
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Number and length of trichomes significantly increa-
sed m the exposed plants. The increase was greater due 
to the mixture of 0.2 ppm than 0.1 ppm of S0_ and 0-.. In 
the exposed plants inoculated with Rhizobium, the number 
and length of trichomes were greater than the unexposed 
and smaller than the exposed plants without Rhizobium. 
In the nematode inoculated plants, exposure to pollutant 
mixtures caused increase m number and length of trichomes 
and the number and length were greater than the exposed 
plants without nematode inoculation. The number and length 
of trichomes m the exposed plants inoculated with Rhizobium 
and root-knot nematodes were greater than unexposed plants 
or than exposed plants inoculated with Rhizobium alone. 
But number and length of trichomes were smaller than the 
exposed plants without inoculation of any of the organisms. 
The number and length of trichomes were highest m post-
moculation exposure and lowest m simultaneous inoculation 
exposure of plant to SO^ - 0-, mixtures (Table 27). 
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LENTIL, Lens c u l m a r i s Medic. 
SULPHUR DIOXIDE (SO^) 
Plant growth and yield 
Like chick-pea, plant growth and yield characters 
of lentil were also significantly reduced when the lentil 
plants were exposed to 0.1 and 0.2 ppm concentrations of 
SO- m the exposure chambers. The higher concentration 
(0.2 ppm) of SO^ caused greater reductions than the lower 
concentration (0.1 ppm). Rhizobium, as m chick-pea, increa-
sed the plant growth and yield m unexposed plants. The 
concentrations of SO^ also caused the reductions m 
Rhizobium inoculated plants but these parameters m the 
exposed plants inoculated with Rhizobium were greater than 
the exposed plants without Rhizobium. M. incognita and 
M. J avanica both suppressed plant growth and yield of lentil. 
M. incognita caused greater reductions than M. ]avanica. 
M. incognita reduced all the parameters significantly 
(either at P = 0.05 or P = 0.01). M. javanica caused signi-
ficant reductions m fresh and dry weights of shoot, lengths 
of root and shoot and number of fruits. Reductions m the 
remaining parameters were not significant. Plants inoculated 
either with M. incognita or M. javanica when exposed to 
either concentration of SO-, reductions occurred m the 
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plant growth and yield parameters. The parameters were 
reduced m comparison to unexposed plants, inoculated with 
the either nematode. Plant growth and yield parameters 
in the plants inoculated with M. incognita or M. ]avanica 
together with Rhizobium were affected variously in compari-
son to control plants. But the reductions in growth and 
yield were less in comparison to plants inoculated with 
Rhizobium alone. Reduction m plant growth and yield of 
lentil also occurred when the plants inoculated with 
Rhizobium and either species of the nematode were exposed 
to the SO^ concentrations. The parameters were smaller 
than exposed plants inoculated with Rhizobium and the 
nematode. Plant growth and yield parameters were highest 
in simultaneous inoculation exposures and lowest 
in post-moculation exposure (Tables 28 and 29 , Figs. 
4A and 4B). 
Root-knot disease and root nodulation 
Root-knot disease and root nodulation both were 
adversely affected by the SO^ exposures of plants. Root 
galling, eggmass production and root nodulation were signi-
ficantly suppressed. The suppression v;as greater due to 
0.2 ppm than 0.1 ppm of SO^. Rhizobium in unexposed plants 
cuased reductions m root galling and eggmass production 
of the nematodes. The reduction recorded in eggmass produc-
tion of M. -] avanica was, however, not significant. 
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Exposures of plants inoculated with either species of 
Meloidogyne and Rhizobium resulted m reduction of root 
galling and eggmass development. Number of galls and egg-
masses were less than inoculated unexposed plants or the 
exposed plants inoculated with root-knot nematode alone. 
Root galling and eggmass production were greatest in post-
moculation exposure and smallest m simultaneous inocula-
tion exposure of plants. The number of galls and eggmasses 
m simultaneous inoculation exposure were significantly 
(P = 0.01) smaller than the pre- and post-inoculation expo-
sure (Table 30). 
Reduction m the number of nodules and infection 
of bacterial nodules were recorded due the nematode inocu-
lation of lentil plants. The number of nodules m the expo-
sed plants inoculated with root-knot nematodes and Rhizobium 
were significantly ( P =: 0.01) smaller than unexposed plants 
or than the exposed plants inoculated with Rhizobium. The 
number of nodules was highest m simultaneous inoculation 
exposure and lowest m post-moculation exposure (Table 30). 
Root-knot nematode infection of nodules was also 
reduced m the exposed plants. The number of the infected 
nodules was highest m pre-moculation exposure of plants 
and lowest in simultaneous inoculation exposure (Table 30). 
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Leaf pigments and seed proteins 
Like chick-pea, leaf pigments and seed proteins 
m lentil were also reduced significantly by S0„ exposures. 
The reductions were greater due to 0.2 ppm S0_. Leaf pig-
ments and seed proteins m the exposed plants inoculated 
with Rhizobium were smaller than the unexposed plants but 
were greater than the exposed plants without Rhizobium. 
Inoculation of M. incognita caused reductions m leaf pig-
ments and seed proteins. M. ]avanica also caused reductions 
m the leaf pigments and seed proteins but the reductions 
in soluble protein and total proteins were not significant. 
Leaf pigments and seed proteins m exposed plants inoculated 
with root-knot nematodes were smaller than nematode inocu-
lated unexposed plants. When the nematode and Rhizobium 
inoculated plants were exposed to SO^ concentrations, the 
leaf pigments and seed proteins were reduced and these 
values in exposed plants inoculated with Rhizobium and 
root-knot nematode were smaller than the unexposed plants 
inoculated with both the organisms or the exposed plants 
inoculated with Rhizobium alone. Leaf pigments and seed 
proteins were highest m simultaneous inoculation exposure 
and lowest m post-inoculation exposure (Table 31, Figs. 
4C and 4D). 
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Leaf epidermal characters 
Leaf epidermal characters (stomatal count and size 
of stomata and stomatal aperture) were adversely affected 
by SO^ exposures. The adverse effect of 0.2 ppm SO^ was 
greater than 0.01 ppm. The leaf epidermal characters m 
Rhizobium inoculated plants exposed to S0„ were reduced m 
comparison to unexposed plants but their measurements were 
greater than the exposed plants without Rhizobium. Root-knot 
nematodes caused reductions in stomatal measures. When 
plants inoculated with root-knot nematodes were exposed to 
SO^, the number of stomata, size of stomata and stomatal 
aperture were smaller than the unexposed plants. The size of 
stomatal aperture on the upper leaf surface m plants inocu-
lated with M. J avanica in simultaneous inoculation exposure 
to 0.2 ppm SO- was, however, greater than unexposed plants. 
M. incognita together with Rhizobium decreased the number 
of stomata on lower surface and size of stomata and stomatal 
aperture on both the surfaces. The decrease m number of 
stomata on upper leaf surface was not significant. M. 
J avanica together with Rhizobium, however, non-significantly 
increased the number of stomata and decreased the size 
of stomata and stomatal aperture. When the plants inoculated 
with M. incognita or M. -\ avanica and Rhizobium were exposed 
to SO^, the number of stomata and size of stomata and stoma-
tal aperture decreased in comparison to unexposed plants 
or the exposed plants inoculated with Rhizobium. The number 
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of stomata, size of stomata and stomatal aperture were 
highest m simultaneous inoculation exposure and lowest 
in post-inoculation exposure (Tables 32 and 33). 
The number and length of trichomes increased signi-
ficantly m lentil plants exposed to SO^. The increase 
was greater due to 0.2 ppm SO-, than 0.01 ppm S0_ . Rhizobium 
increased the number and length of trichomes. Exposures 
of Rhizobium inoculated plants resulted m an increase m 
the number and length of trichomes m comparison to unexpos-
ed plants inoculated with Rhizobium. Trichomes m number 
and length were greater than the unexposed plants and 
smaller than the exposed plants without Rhizobium. M. 
incognita and M. javanica increased the number and length 
of trichomes. The increase caused by M. javanica on lower 
leaf surface was not significant. The number and length 
of trichomes were increased m the exposed plants inoculated 
with root-knot nematodes in comparison to the unexposed 
plants. M. ]avanica and M. incognita together with Rhizobium 
variously affected number and length of trichomes. When 
the plants inoculated with the either species of root-knot 
nematode, and Rhizobium were exposed, the significant incre-
ase occurred m the number and length of trichomes. The 
number and length of trichomes were highest in post-inocu-
lation exposure and lowest m simultaneous inoculation 
exposure (Table 34). 
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OZONE (O^) 
Plant growth and yield 
Like S0_, 0^ also induced reductions m plant growth 
and yield characters of lentil. The reductions were greater 
due to 0.2 ppm 0 than 0.1 ppm. Plant growth and yield 
parameters m the exposed plants inoculated with Rhizobium 
were smaller than the unexposed plants but were greater 
than exposed control plants. Plant growth and yield para-
meters m 0-, exposed plants inoculated with either species 
of Meloidogyne were significantly smaller than the unexposed 
plants. These parameters were also smaller than the exposed 
unmoculated plants . Plant growth and yield parameters 
m exposed plants inoculated with Rhizobium and root-knot 
nematodes were also smaller than the unexposed plants inocu-
lated with both the organisms and to the exposed plants 
with Rhizobium. Plant growth and yield parameters were 
greatest m simultaneous inoculation exposure and smallest 
m post-inoculation exposure (Tables 35 and 36; Figs. 
5A and 5B). 
Root-knot disease and root nodulation 
0^ exposures inhibited root-knot disease and root 
nodulation on lentil roots. The number of galls and eggma-
sses were reduced by both the concentrations; being greater 
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with 0.2 ppm. The number of galls and eggmasses in the 
exposed plants inoculated with both Rhizobium and M, javanica 
or M. incognita were comparatively less than the unexposed 
plants inoculated with either species of Meloidogyne and 
Rhizobium. The root galling and eggmass productions were 
also less than exposed plants inoculated with M. incognita 
or M. -} avanica alone. The number of eggmasses of M. incognita 
m simultaneous inoculation exposure of plants to 0.2 ppm 
0-, was significant at P = 0.05 while due 0.1 ppm 0., it was 
not significant. The number of galls and eggmasses were 
highest m post-moculation exposure and lowest in simulta-
neous inoculation exposure (Table 37). 
The number of root-nodules of Rhizobium were signifi-
cantly reduced by 0-, exposures. The suppression was greater 
due to 0.2 ppm 0-,. Reduction m root nodulation occurred 
also m plants inoculated with Rhizobium and root-knot 
nematode. The number of nodules m exposed plants inoculated 
with both Rhizobium and either species of Meloidogyne were 
smaller than the unexposed plants. The number of nodules 
(total and functional) m exposed plants inoculated 
with Rhizobium together with Meloidogyne spp.were less than 
the exposed plants inoculated with Rhizobium alone. The 
number of total and functional nodules were highest in 
simultaneuos inoculation exposure and lowest m post-inocu-
lation exposure. 0, exposure of plants also suppressed 
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the infection of nodules by root-knot nematodes. The number 
of nematode infected nodules were highest m pre-moculation 
exposure and lowest m simultaneous inoculation exposure 
(Table 37). 
Leaf pigments and seed proteins 
Leaf pigments and seed proteins of lentil were signi-
ficantly reduced by 0-, exposures; reductions being 
greater by 0.2 ppm. The leaf pigments and seed pro-
teins in exposed plants inoculated with Rhizobium 
were lower than the unexposed plants but were greater 
than the exposed plants without Rhizobium. Both M. incognita 
and M. javanica reduced the leaf pigment and seed protein 
contents. Leaf pigment and seed protein contents m the 
exposed plants inoculated with the root-knot nematodes 
were lower than the unexposed plants and the exposed plants 
without nematode inoculation, except the soluble proteins 
in plants inoculated with M. javanica and exposed to 
0.2 ppm 0^. Leaf pigments and seed proteins in the exposed 
plants inoculated with Rhizobium and root-knot nematodes 
were reduced when compared to unexposed plants. Leaf pig-
ments in the exposed plants inoculated with Rhizobium and 
M. incognita in pre- and post-moculation exposure were 
less than the respective exposed plants without any inocu-
lation but m simultaneous inoculation exposure were more 
than respective exposed plants without any organism. Seed 
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proteins were more than respective exposed plants with 
out any organism. But soluble proteins m post-moculation 
exposure to the 0.1 ppm 0_. and insoluble and total proteins 
m post-inoculation exposure to 0.2 ppm 0-, were lower than 
respective exposed plants without any inoculation while 
the total proteins in post-moculation exposure to 0.1 ppm 
0^ was equal to respective exposed plants without any inocu-
lation. Leaf pigments and seed proteins in exposed plants 
inoculated with Rhizobium and M. ] avanica were more than 
the plants without any organism. Leaf pigments and seed 
proteins m exposed plants with Rhizobium and root-knot 
nematodes were lower than the exposed plants with Rhizobium. 
Leaf pigments and seed proteins were highest m simultaneous 
inoculation exposure and lowest m post-moculation exposure 
(Table 38, Figs. 5C and 5D). 
Leaf epidermal characters 
0-, exposures of lentil plants adversely affected 
the leaf epidermal characters (number of stomata and size 
of stomata and stomatal aperture);the effect being greater 
by the higher concentration. All these parameters m exposed 
plants inoculated with Rhizobium were reduced in comparison 
to Rhizobium inoculated unexposed plants. The values were, 
however, greater than the exposed plants without Rhizobium. 
In the exposed plants inoculated with M. incognita or M. 
-] avanica, the values of the parameters of epidermal charac-
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ters were smaller than the nematode inoculated unexposed 
plants. In plants inoculated with Rhizobium and M. incognita 
or M. Javanica exposed to 0, concentrations, the number 
and size of stomata were smaller than the unexposed plants 
having both the organisms, the root nodule bacteria and 
root-knot nematode. Reduction occurred m stomatal aperture 
as well, but the reductions were not significant m all 
the treatments. The number of stomata and size of stomata 
and stomatal aperture were greatest m simultaneous inocula-
tion exposure and smallest in post-inoculation exposure 
(Tables 39 and 40) . 
The number and length of trichomes significantly 
increased by the exposures of plants to 0.1 and 0.2 ppm 
0-,. The increase was greater due to 0.2 ppm 0^ than 0.1 ppm. 
The number and length of trichomes in exposed plants 
inoculated with Rhizobium were higher than the unexposed 
plants and were lower than exposed plants without Rhizobium. 
The number and length of trichomes m exposed plants with 
M. incognita or M. ]avanica were increased in comparison 
to unexposed plants and were also greater than exposed 
plants without nematode inoculation. The number of trichomes 
on the lower surface m Rhizobium along with M. incognita 
inoculated plants due to pre- and post-moculation exposure 
of 0.1 and 0.2 ppm 0, were greater than the respective 
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exposed plants without any inoculation. The number of tri-
chomes on the upper surface m plants inoculated with 
Rhizobiura with M. incognita m pre- and post-inoculation 
exposures and on both the surfaces m simultaneous inocu-
lation exposure was smaller than respective exposed plants 
without any inoculation. The number of trichomes m exposed 
plants inoculated with Rhizobium along with M. javanica 
and length of trichomes m exposed plants inoculated with 
Rhizobium together with either species of Meloidogyne were 
lower than respective exposed plants without any inocula-
tion. The number and length of trichomes in exposed plants 
with Rhizobium and root-knot nematodes were greater than 
the exposed plants inoculated with Rhizobium. The number 
and length of trichomes were highest in post-inoculation 
exposure and lowest m simultaneous inoculation exposure 
(Table 41). 
SULPHUR DIOXIDE AND OZONE MIXTURE (SO2+O ) 
Plant growth and yield 
Like chick-pea, plant growth and yield of lentil 
were also significantly reduced by the mixture of SO- and 
0-,. The reductions were greater due to the mixture of 
0.2 ppm of each of SO^ and 0, than of 0.1 ppm. In the pre-
sence of Rhizobium plant growth and yield parameters m 
exposed plants were also reduced and values were smaller 
205 
than the unexposed plants and greater than exposed 
plants without Rhizobium inoculation. In the nematode 
inoculated plants (either species) plant growth and yield 
were reduced by the exposures and plant growth and yield 
were significantly smaller than unexposed plants. The plant 
growth and yield parameters were also smaller than the 
exposed plants without inoculations. Only in plant inocula-
ted with M. j avanica, the length of root and number of 
flowers in simultaneous inoculation exposure to the 0.2 ppm 
mixture of SO-, and 0-, were greater than exposed plants 
without nematode inoculation while the length of root m 
pre-inoculation exposure and dry weight of shoot and number 
of fruits in simultaneous inoculation (M, j avanica) exposure 
to the mixture of 0.2 ppm SO^ and 0^ were equal to the 
respective exposed plants without any inoculation. Plant 
growth and yield parameters in exposed plants inoculated 
with Rhizobium and either species of Meloidogyne were 
smaller than the unexposed plants. Plant growth and yield 
were also less than the exposed plants inoculated with 
Rhizobium alone. Plant growth and yield parameters were 
highest in simultaneous inoculation exposure and lowest 
in post-moculation exposure (Table 42 and 43, Figs. 6A 
and 6B). 
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Root-knot disease and root nodulation 
The air pollutants m mixturesr also suppressed root 
galling and eggmass productions of both the species of 
root-knot nematodes and root nodulation on lentil. The 
mixture of higher concentration (0.2 ppm S0_ + 0.2 ppm 0^) 
was more effective m the suppression. 
The number of galls and eggmasses of both M. incog-
nita and M. •] avanica were lower m the exposed plants m 
comparison to unexposed plants. As observed m earlier 
experiments, Rhizobium inhibited root galling and eggmass 
production of root-knot nematodes. The number of galls 
and eggmasses m exposed plants added with Rhizobium was 
further inhibited. Their number were smaller than the 
unexposed plants or exposed plants inoculated with either 
species of Meloidogyne alone. The number of galls and egg-
masses were highest m post-moculation exposure and lowest 
m simultaneous inoculation exposure (Table 44). 
Root nodulation was suppressed by the mixture of 
S0_ and 0,. M. incognita and M. j avanica also suppressed 
the root nodules and some were infected as well. The number 
of total and functional nodules and infected nodules with 
root-knot nematodes m exposed plants inoculated with 
Rhizobium together with either species of root-knot nema-
todes were smaller than unexposed plants with Rhizobium 
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and root-knot nematodes and the number of total and 
functional nodules were also smaller than the Rhizobium 
inoculated plants exposed to mixture of S0_ and 0-,. 
The number of total and functional nodules were 
highest m simultaneous inoculation exposure and 
lowest m post-moculation exposure. The number of 
infected nodules with root-knot nematodes were 
highest m pre-inoculation exposures and lowest 
in simultaneous inoculation exposure (Table 44). 
Leaf pigments and seed proteins 
The mixture of S0_ and 0-, significantly reduced 
leaf pigments and seed proteins m exposed plants of lentil. 
Greater reductions were caused by the mixture of 0.2 ppm 
of each of SO^ and 0-, than the mixture of 0.1 ppm of each 
pollutant. In exposed plants inoculated with Rhizobium, 
leaf pigments and seed proteins were less than unexposed 
plants but greater than exposed plants without Rhizobium. 
Leaf pigments and seed proteins m root-knot nematode inocu-
lated plants were less than the unexposed plants and the 
exposed plants without the nematode. Only soluble proteins 
m plants inoculated with M. Tavanica m simultaneous inocu-
lation exposure were greater than the plants without any 
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inoculation and total proteins m the same treatment/ were 
similar. Leaf pigments and seed proteins m exposed plants 
added with Rhig^obium and M. incognita or M. ] avanica were 
also less than unexposed plants. The leaf pigments m simul-
taneous inoculation exposure (mixture of 0.1 ppm S0_ and 
0-, ) were, however, greater. The seed proteins m pre-
and simultaneous inoculation exposure to the pollutant 
mixtures, the insoluble proteins m post-inoculation expo-
sure to 0.1 ppm S0_ and 0-. mixture were greater than respec-
tive exposed plants without any inoculation. The total 
proteins m post-moculation exposure to the mixture of 
0.1 ppm SO- and 0, and insoluble proteins in post-inocula-
tion exposure to 0.2 ppm SO^ and 0-. were similar to the 
respective exposed plants without any inoculation. In the 
exposed plants inoculated with Rhizobium and M. javanica, 
the leaf pigments and seed proteins were greater than the 
respective exposed plants without any organism. The pigments 
and proteins in plants added with Rhizobium together with 
either species of root-nematodes were also less than the 
exposed plants inoculated with Rhizobium. The leaf pigments 
and seed proteins in general were highest in simultaneous 
inoculation exposure and lowest m post-moculation exposure 
(Table 45, Figs. 6C and 6D). 
Leaf epidermal characters 
The response of leaf epidermal characters to 
214 
exposures of S0„ and 0^ were similar to those observed 
m individual exposures of plants to the air pollutants, 
singly. The number of stomata and size of stomata and stoma-
tal aperture were significantly decreased by the pollutant 
mixtures. The number of stomata, size of stomata and stoma-
tal aperture m exposed plants inoculated with Rhizobium 
were smaller than the unexposed plants and were greater 
than respective exposed plants without Rhizobium. The number 
and size of stomata were significantly (P = 0.01) less 
in exposed plants inoculated with M. incognita or M. 
Javanica than the unexposed plants. The size of stomatal 
aperture was also smaller than the unexposed plants 
at the various significance levels m different treatments. 
All these parameters were smaller than the respective expo-
sed plants without Rhizobium or root-knot nematodes. M. 
incognita together with Rhizobium decreased the number 
of stomata and size of stomata and stomatal aperture. M. 
J avanica together with Rhizobium increased the number of 
stomata but decreased the size of stomata and stomatal 
aperture. The number and size of stomata in exposed plants 
with Rhizobium together with root-knot nematodes were less 
than the unexposed plants. The size of stomatal aperture 
was also smaller than the unexposed plants m different 
treatments. All the parameters m exposed plants with 
Rhizobium alongwith M. incognita were less than the respec-
r 
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tive exposed plants without any inoculation. In the exposed 
plants inoculated with Rhizobium alongwith M. javanica, 
the number of stomata were greater than their respective 
exposed plants without any inoculation except the number 
of stomata on both the leaf surfaces m post-moculation 
exposures of plants. Instead, the number of stcxnata was less 
than respective exposed plants without any inoculation. 
The size of stomata and stomatal aperture in exposed plants 
inoculated with Rhizobium alongwith M. ]avanica was smaller 
than the respective exposed plant without any inoculation. 
But the size of stomatal aperture on lower leaf surface 
due to mixture of 0.2 ppm SO-, and 0-, was greater than 
respective exposed plants without any inoculation. The 
number of stomata, size of stomata and stomatal aperture 
m exposed plants inoculated with Rhizobium together with 
root-knot nematodes were smaller than the exposed plants 
inoculated with Rhizobium. The number of stomata, size 
of stomata and stomatal aperture were highest m simulta-
neous inoculation exposure and lowest m post-moculation 
exposure(Tables 46 and 47). 
Trichomes of the leaves of lentil, like other experi-
ments, responded to S0_ and 0-, mixture by increasing their 
count and length. The number and length of trichomes in 
exposed plants inoculated with Rhizobium were greater than 
the unexposed plants and were smaller than the respective 
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exposed plants without any inoculation. The number and 
length of trichomes m exposed plants inoculated with root-
knot nematodes were greater than the unexposed plants as 
well as respective exposed plants without nematode. 
The number and length of trichomes m exposed plants inocu-
lated with Rhizobium alongwith root-knot nematodes were 
greater than the unexposed plants. These parameters were, 
however, smaller than the exposed plants without any 
inoculation. The length and count of trichomes m exposed 
plants inoculated with Rhizobium alongwith either species 
of root-knot nematode were greater than the exposed plants 
inoculated with Rhizobium. The number and length of tricho-
mes were highest m post-moculation exposure and lowest 
m simultaneous inoculation exposure (Table 48). 
O X S C Z U S S X OlM 
Like ambient air pollution effects, in artificial 
exposures, S0_ and 0, individually and m mixture at both 
the concentrations suppressed seed germination of chick-
pea and lentil and induced greater post-emergence mortality 
of the seedlings. These effects were consistently concentra-
tion dependent. At 0.1 ppm, SO^ and 0-. in mixture acted 
synergistically which resulted m greater inhibition of 
seed germination than the sum total of the inhibitions 
obtained with the pollutants acting individually at the 
220 
same concentration. But m inducing post-emergence mortality 
of the seedlings their interaction was antagonistic. At 
0.2 ppm, their interaction for inhibition of seed germina-
tion was also antagonistic. Therefore, less inhibition 
of seed germination occurred when the pollutants, each at 
0.2 ppm, were m mixture. In relation to their effects 
on post-emergence mortality of seedlings, interaction of 
the air pollutants in mixture (at 0.2 ppm) was also antago-
nistic. The results of the artificial exposure experiments 
confirm that S0_,which was mam constituent of the gaseous 
air pollutants m the ambient condition, alongwith othei 
pollutants, caused inhibitory effects on seed germination. 
The suppression of enzymatic activities which are vital 
for seed germination are mainly regarded as mode of action 
of pollutants for adverse effect of pollution stress on 
seed germination (Horsman and Wellburn 1977; Soldatini 
and Ziegler, 1979; Vjyss and Brunold, 1980; Pierre and 
Queiroz, 1982; Todd, 1958; Tanaka e^ aj^. , 1982). Nandi 
et al. (1980) observed reduction in seed germination of 
Phaseolus vulgaris when exposed to SO^, 0^ and SO- + 0^. 
Their study indicated that the reduction caused by exposures 
resulted from reduced activities of catalase and peroxidase 
and reduction m protein content of the seeds during germi-
nation. The inhibition was maximum due to SO-,-0-. mixture. 
Boralker and Shmdhe (1983) have also found inhibition 
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m seed germination of okra. Maximum inhibition occurred 
due to SO^ + 0-, when compared with SO- and 0-, alone. As 
stated earlier (section II), the increase m post-emergence 
mortality of seedlings of both the crops may be the result 
of greater sensitivity of the seedlings to the air pollu-
tants at the tender age. 
In vitro growth of chick-pea and lentil strains 
of Rhizobium was also inhibited by the pollutants. SO-, 
and 0^ m mixture at both the concentrations acted antago-
nistically. Consequently, growth of Rhizobium was better 
in plates exposed to the mixtures than to the individual 
pollutants at the same concentration. Chick-pea strain 
of Rhizobium was more sensitive to S0„ and S0_+0- than 
the lentil strain. Lentil strain of Rhizobium exhibited 
greater sensitivity to 0-,. Chick-pea strain of Rhizobium 
is slow growing, non-acid producing and very sensitive 
even to slight acidity, while the lentil strain is fast 
growing, acid producing on culture media, and tolerant 
to slight acidic conditions (Vincent, 1977). This difference 
in their nature might have affected their responses. S0_ 
which is converted into sulphuric acid after reacting with 
water might have lowered the pH of culture media. So, the 
chick-pea strain of Rhizobium exhibited poor growth because 
f its greater sensitivity to S0_ and SO-,-0-, mixture, while 
o 
it was more tolerant to 0_^ . 
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SO2 and 0-., singly and in mixture inhibited juvenile 
hatching of the M. incognita and M. javanica. The interactive 
effect of both the concentrations m inhibiting the juvenile 
hatching was synergistic. Juvenile hatching of the nematodes 
particularly of root-knot nematodes are influenced by various 
extraneous factors, including pH of the medium ( Ahmad and 
Khan, 1964). The toxicity of the gases applied singly or m 
mixture might have resulted in inhibition of hatching of the 
juveniles from eggs. SO^ by dissolving in water and lowering 
the pH, might have also caused the inhibition. 
Plant growth and yield of chick-pea and lentil were 
considerably suppressed by S0„ and 0-. individually and in 
mixture at both the concentrations. The toxicity of SO^-O, 
mixtures of both the concentrations was consistently greater 
than the individual effects of S0_ and 0-. of the same concentra 
tion. The response pattern of chick-pea and lentil to the 
exposures was more or less same. The effects of S0_ , O, and 
SO^-0-. mixtures observed on various plants have been reviewed 
by some workers (Remert, 1984; Olszyk and Thompson, 1985; 
and Heck e^ al^ . 1986; Miller, 1987). In various experimental 
studies the relative toxicity of SO^ ana 0-, have been compared 
and 0-. have been found more toxic than S0_ (Remert, 1984). 
In the present study both SO^ and 0-, at the concentrations 
used were toxic to chick-pea and lentil and appreciable reduc-
tions were recorded out ; 0-, was more toxic than S0_ at both 
the concentrations. In exposed plants inoculated with Rhizobium 
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reductions were comparatively less m all the parameters of 
growth and yield, leaf pigment and seed protein contents than 
exposed plants without Rhizobium inoculation. This observation 
IS significant and emphasize the importance of Rhizobium in 
relation to air pollution damage to legumes, in addition to 
its well established role m symbiotic nitrogen fixation. 
SO- and 0-. interacted antagonistically in causing reductions 
in plant growth. The reductions, m general, caused by the 
mixture of SO^-0-, was less than sum of the reductions from 
SO-, and 0-, exposures singly. 
In exposed plants, irrespective of the inoculation 
of the nematodes and/or Rhizobium, chlorophyll contents in 
leaves of both chick-pea and lentil were reduced in comparison 
to unexposed plants. This effect was similar to the results 
obtained m ambient air pollution effect studies (Section.II). 
As discussed m the section II, sulphite which results from 
conversion of S0_ after entry into the plants cause destruction 
of chlorophyll (Thomas ej: al. , 1943; Barrett and Benedict, 1 970 ; 
Pandey and Rao, 1978; Lauenroth and Dodd, 1981), or phaeophy-
tinization of chlorophyll and renders it photosynthetically 
inactive (Rao and LeBlance, 1966). Metabolic processes and 
enzymatic activities of plant were decreased at the higher 
toxic concentrations of SO (Todd, 1958; Horsman and Wellburn, 
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1977; Soldatini and Ziegler, 1979; Wyss and Brunold, 1980; 
Pierre and Queiroz, 1982; Tanaka ejt a_l. , 1982). Reduced 
chlorophyll of the leaves and lowered enzymatic activities 
m the exposed plants would cause reduced carbohydrate 
production by the plants, which m turn result in poor 
growth and declined health of the plants. Both S0_ and 
OT exhibited anatoginistic interactive effects on the chlo-
rophyll contents of leaves of both chick-pea and lentil. 
0, accumulates m the palisade layer of the leaves and 
causes their bleaching or discolouration through destruction 
of chlorophyll. The affected cells ultimately collapse 
(Macdowall, 1965; Sakaki et: al^ . , 1983). The observation 
of Rhoads and Brennan (1978) that 0, inhibited the chloro-
plast electron transport system m a sensitive tobacco 
cv. Bel W^ and the inhibition was smaller m a resistant 
cultivar Bel-B, while jji vitro the isolated chloroplasts 
from both the cultivars reacted similarly suggest that 
the structure or physiology of cell membrane affect the 
movement of 0-,, which is the initial site of action for 
0-, and causes the leakage of potassium and some electrolytes 
(Rhoads and Brennan, 1978; Heath and Frederick, 1979; Heck 
et aj^. , 1986). The reduction m the chlorophyll, which 
is responsible for the reduction m photosynthesis m plants 
and other affected metabolic processes ultimately exhibited 
their impact on plant growth. 
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The reduction m yield characters of the plants 
was directly correlated with the reduced plant growth. 
The decrease in assimilates might be the reason of less 
flower bud formation (Whitemore and Mansfield, 1983), prema-
ture fall of flowers (Gupta and Ghouse 1978a) and failure 
of fertilization because of the retarded growth of pollen 
tubes by SO (Linzon, 1978). These effects jointly contri-
buted towards poor flowering and fruiting of the plants. 
0-, has been shown responsible for shedding of pollen grains, 
reducing the germination and growth of pollen grains and 
mactivation of ovules (Kress ejt aj^, , 1986). Protein con-
tents of chicl<.-pea and lentil seeds were reduced by the 
exposures of the plants in all treatments m comparison 
to unexposed plants. SO^+0, exhibited antagonistic interac-
tion in their effect on protein content of seeds. Direct 
interference of the air pollutants in the metabolic activi-
ties of plants related to protein synthesis and/or indirect 
effects by causing poor plant growth (Khan and Malhotra, 
1983; Cracker, 1972; Cracker and Starback, 1972), and inhi-
biting root nodulation m Rhizobium inoculated plants, 
possibly reduced the seed proteins. The reduction of protein 
contents in exposed plants inoculated with Rhizobium was 
relatively less than exposed plants without Rhizobium and 
reduction was directly correlated with the reduction in 
226 
the root nodulation. 
The response pattern of the leaf epidermal characters 
to SO2 and 0^ and their mixture m artificial exposures 
was similar to those present m ambient air pollution 
effects (Section II}. In most of the earlier studies 
(Jacobson and Colavito, 1976; Kondo and Sugahara, 1978; 
Rosen et a_l . , 1978; Elkiey and Ormrod, 1979 and Olszyk 
and Tibbitts, 1981a, 1981b) stomata has been found to be 
adversely affected by S0„ and 0-, alone and m combination 
and was correlated with the extent of leaf injury size. 
In the present studies, stomatal count and aperture size 
were reduced by the exposures. Since stomata are the passage 
for entry of S0„ and 0_, , it seemed that as a resistance 
mechanism for preventing the entry of pollutants, plants 
responded by reducing the number and size and aperture 
size of stomata and thus minimized their entry. Similar 
observations have been made by Ghouse and Khan (1978), 
Zaidi e_t aJ., (1979), Sharma e^ a_l. , (1980) and Gupta and 
Ghouse (1978a, 1978b). SO^ and 0-^  induced stomatal closures 
have also been reported in various crop plants which regu-
lates the entry of the air pollutant(s) (Elkiey and Ormrod, 
1979; Kondo and Sugahara, 1978; Rosen ejt al . , 1978; Olszyk 
and Tibbitts, 1981a, 1 981 b).0^is also well known to alter 
the permeability of cell membranes to water (Heath, 1975). 
The reduction m number of stomata, size of stomata and 
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stomtal aperture might be also due to the poor and stunted 
growth of exposed plants because of reduced water absorp-
tion through the suppressed and poorely developed roots 
in order to check water loss from leaf surfaces. Trichome -
hydathodes m case of chick-pea, through which water 
containing various minerals and organic compounds exudate 
were possibly reduced as the structural adaptation m res-
ponse to diminished water pressure m plants. Exposures 
increased the trichomas number and length on leaf surfaces 
of both the crops. Trichomes on plant surfaces provide protec-
tion and regulate the temperature of plants and prevent 
water loss through transpiration. Similar responses of 
trichomes on leaf surface of Psidium qua]ava, Croton 
bonplandianus, Euphorbia hirta and Abelmoschus esculentus 
were recorded hy Ghouse and Khan (1 978), Zaidi e^ al. , (1 979 , 
Gupta and Ghouse (1978a, 1978b). The interactive effecto 
of SO and 0, on the various leaf epidermal characters 
were antagonistic. 
Exposure of plants of chick-pea and lentil, inocula-
ted with M. javanica or M. incognita alone or together with 
Rhizobium, to SO or 0-. and their mixtures suppressed the 
root-knot disease. Root galls and eggmasses were reduced 
on the roots of exposed plants. Higher concentrations were 
invariably more inhibitory than the lower concentrations. 
80^ and 0, together exhibited antagonistic effects on the 
root galling and eggmass production. The reductions caused 
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by the mixtures of the air pollutants were less than sum 
of the reductions caused by SO^ and 0-. individually at 
the same concentration. The inhibitory effect of the exposu-
res might have resulted from direct toxic effect on nemato-
des or indirectly through the changed physiology and altered 
nutritional status of the host plants. In a study, Weber 
et al. / (1979) found different responses of some nematodes 
infecting soybean exposed to S0_ and 0-. alone and in combi-
nation. Reproduction and development of Heterodera glycines 
and Paratrichodorus minor were inhibited but Belonolaimus 
longicaudatus was not affected. SO^ enhanced reproduction 
of Pratylenchus penetrans. Foliar injury of begonia induced 
by exposures to 0-, or S0„-0-, mixture inhibited Aphelenchoi-
des fragariae. Bisessar and Palmer (1984) found 20% increase 
in root galling on tobacco by M. hapla when plants were 
exposed to ambient 0-,, exhibiting syngergistic interaction 
between the nematode and the pollutant. 
Simultaneous inoculation exposures of the plants 
to SO^, 0-^  and S0„-0-^ mixture was most effective m suppre-
ssing root galling and eggmass production, while m the post-
moculation exposures of plants was least affective .Weber et^  
al. , (1979) obtained greater inhibition m reproduction 
of A. f ragariae on begonia leaves when exposed to SO2, 0, 
and S0_-0-. mixture prior than nematode inoculation than 
the plants exposed to pollutant after nematode inoculation. 
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In the present investigations, the adverse effects 
of root-knot nematodes on various parameters were highest 
m post-inoculation of plants and least in simultaneous 
inoculation exposures. The adverse effect of the nematodes 
were greater in post-inoculation exposures of plants than 
the pre-inoculation exposures. This variation m the adverse 
effect of root-knot nematodes on the parameters of the 
plants might be due to the variation m the development 
of galls due to exposure initiation m relation of nematode 
inoculation. The minimuiri number of galls m the simultaneous 
inoculation exposure of pollutants gives an evidence of 
direct effect of pollutants on the nematodes (juveniles) 
making them incapable to penetrate the root,while m post-
inoculation exposure where no pollution stress occurred 
at the time of their penetration, highest number of root 
galls developed. But still, relatively root-glling was 
less when compared with control which is also suggestive 
of indirect effect of air pollutants on the nematodes. 
In the pre-moculation exposure also the indirect effect 
of air pollutants can be envisaged because the exposed 
plants before inoculation of the nematodes had already 
altered physiological status. Air pollutants usually cause 
visible or invisible injuries to the plants through the 
metabolic changes i.e. the tormation of phenolic substances 
(Howell and Kremer, 1973) and reduction m carbohydrates 
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and minerals i.e potassium (Mass e^ al. , 1973; Tingey, 
1974). This altered physiological status of the exposed 
plants might have inhibited the gall formation (Weber e^ 
al., 1979) and eggmass production (Oteifa, 1953). Additio-
nally, the increased soil acidity through SO^ dissolution 
in soil water might have also affected the root-knot nema-
todes . 
Root nodulation on chick-pea and lentil was suppre-
ssed by S0_ and 0-, alone and m combination. Like root-
knot nematodes SO^ and 0, showed antagonistic interaction 
on root nodulation as well. Records of suppression of root 
nodulation by S0_, 0-, and SO^-0^ mixture are available 
in literature (Reinert e^ aj^ . , 1971; Tingey and Blum, 1973; 
Remert and Weber, 1980; Klarer et al_. , 1984; Kumar, 1986). 
The reduction m the nodule number may be either by the 
direct inhibitory effect of pollutants on the root-nodule 
bacteria, Rhizobium present m soil in free living stage 
or indirectly through the host plant due to presence of 
inhibitors or by reduced translocation of growth substances 
to the root (Tingey, 1974) or because of poor plant growth 
with less extensive root system. 
Root nodule bacteria favour leguminous plants. Even 
m the presence of air pollutants when the root nodulation 
was considerabley suppressed, some favourable effects 
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of the bacteria were exhibited on the plant parameters. 
Root-knot nematodes interacted with Rhizobium antagonisti-
cally and inhibited each other. This aspect has been dis-
cussed m detail m the Section II. The presence of maximum 
nodules m the simultaneous inoculation exposure might 
be due to the lowest galling by root-knot nematodes and 
for the same reason lowest number of nodules were observed 
m the post-inoculation exposure because of highest root 
galling. 
Both SO^ and 0^ alone and in combination interacted 
antagonistically with M. incognita ^  M. ]avanica and Rhizobium 
ultimately causing less reduction or increase on the various 
parameters. In this respect/ the interaction of SO2 and 
0-, m mixture was antagonistic. 
The findings show that air pollutant exposures 
affected all the living components of the system. The order 
of toxicity of considered pollutants was SO^+O, > 0-.> SO-. In 
this respect SO- and 0- at both the concentrations (0.1 and 
0.2 ppm) m general on plant growth and yield etc. showed 
antagonistic interaction. The pollutants were also toxic 
to Rhizobium and root-knot nematodes, M. incognita and 
M. javanica. 
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Inhibition of seed germination of chick-pea and 
lentil occurred by exposures of pots to two different con-
centrations of SO2 and O^ (0.1 and 0.2 ppm) singly and m 
mixture. The exposures also caused post-emergence mortality 
of the seedlings. The effect of 0.2 ppm SO-, and 0-, , singly 
and m mixture (0.2 + 0.2 ppm) was invariably greater than 
0.1 ppm SOy and 0-. singly and in mixture. 0^ was more 
inhibitory than SO^ at both the concentrations. Similarly 
mixture of S0_ and 0, at each concentration was more supp-
ressive than SO^ or 0-, singly at their respective concentra-
tions. The chick-pea was more sensitive than lentil to 
the exposures at germination stage. 0.1 ppm of S0_ did 
not cause inhibition of seed germination of lentil. But 
after emergence the seedlings of lentil exhibited more 
sensitivity than chick-pea. 
S0„ and 0-. alone and m combination also suppressed 
the iu_ vitro growth of chick-pea and lentil strains of 
Rhizobium. Both the pollutants singly and m mixture were 
more inhibitory at the higher the concentrations. The chick-
pea strain of Rhizobium showed greater sensitivity to the 
exposures of SO^ than lentil strain. But to 0-,, lentil strain 
of Rhizobium was more sensitive. The mixture of SO- and 
0-. at both the concentrations cuased greater reductions 
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in the growth of chick-pea strain than lentil strain. The 
mixtures of SO^ and 0^ at both the concentrations wer e 
more toxic than the individual pollutants at their respec-
tive concentrations. 
Juvenile hatching of M. incognita and M. javanica 
was suppressed by the exposures. The higher concentration 
of the pollutants were more suppressive than their lower 
concentrations. 0^ was more suppressive than SO^. The 
effect of the mixture of the pollutants was greater than 
their individual effects. M. incognita was apparently more 
sensitive than M, javanica in this respect. 
S0_ (0.1 and 0.2 ppm) and 0^ (0.1 and 0.2 ppm) 
alone and m mixture (0.1 SO2 + 0.1 0^, 0.2 SO2 + 0.2 0^) 
caused reductions in plant growth (length, fresh and dry 
weights of shoot and root), yield (flowering and fruiting), 
leaf pigments and seed proteins of chick-pea and lentil 
m artificial exposures. The higher concentration of both 
the pollutants and their mixture was consistently more 
harmful for all the considered parameters of plant growth, 
yield, leaf pigments and seed proteins. The suppressive 
effect of the pollutants varied. O, was apprarently more 
toxic than SO and S0_-0, mixtures were more toxic than 
the individual pollutants at the same concentration. The 
favourable effects of Rhizobium noticed m unexposed plants 
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m terms of increase in plant growth, yield etc. was suppre-
ssed by the exposures. But still, plant growth and yield 
of Rhizobium inoculated exposed plants were better than 
exposed plants without Rhizobium. M. incognita and M. 
javanica caused reductions m plant growth and yield. In 
the presence of Rhizobium, the reductions caused by either 
species of Meloidogyne were less because of antogonistic 
interaction between Meloidogyne species and Rhizobium. 
In the exposed plants inoculated with M. incognita or M. 
javanica, plant growth, yield etc. were smaller than the 
nematode infected unexposed plants or the exposed plants 
without the nematode. Plant growth, yield, leaf pigments 
and seed proteins m exposed plants inoculated with either 
species of Meloidogyne and Rhizobium were less than the 
unexposed plants inoculated with root-knot nematode and 
Rhizobium or than the exposed plants inoculated with 
Rhizobium, but were greater than the exposed plants without 
any inocualtion and the exposed plants inoculated with 
either species of Meloidogyne. These parameters were 
invariably greatest in simultaneous inoculation exposures 
and lowest in post-inoculation exposures of plants to the 
air pollutants singly or m mixtures m both chick-pea 
and lentil. 
Exposures of chick-pea and lentil plants to the 
air pollutants inhibited root galling and eggmass production 
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of M- incognita and M. javanica. The higher concentration 
was invariably more inhibitory, irrespective of the air 
pollutants involved or their mixture. Rhizobium also suppre-
ssed the root galling and eggmass production of both the 
species of Meloidogyne. The number of galls and eggmassr^ ' 
m exposed plants inoculated with Rhizobium and either 
species of Meloidogyne was less than unexposed plants inocu-
lated with both the organisms or than the exposed plants 
inoculated with root-knot nematode alone. Root galling and 
eggmass production were greatest m post-inoculation exposur-
es and lowest in simultaneous inoculation exposures. The 
degree of suppression varied according to the pollutant 
used singly or m mixture and their concentration. 0, was 
more toxic than S0„ and mixtures of the pollutants were 
more toxic than individual pollutants. The exposures also 
suppressed root nodulation on chick-pea and lentil; the 
higher concentration singly or m mixture being more inhibi-
tory. M. incognita and M. ;]avanica also suppressed root 
nodulation and infected some nodules. The number of total and 
functional nodules in exposed plants inoculated with 
Rhizobium and either species of Meloidogyne were smaller than 
unexposed plants inoculated with Rhizobium and M. incognita/ 
M. javanica or than exposed plants inoculated with Rhizobium 
alone. The number of infected nodules was also reduced 
m exposed plants. The number of total and functional nodu-
les were highest m simultaneous inoculation exposures 
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and lowest m post-moculation exposures. The number of 
infected nodules were highest m pre-moculation exposures 
and lowest m simultaneous inoculation exposures of plants. 
The leaf epidermal characters of chick-pea and lentil 
were also influenced by the exposures. The number of stomata, 
size of stomata and stomatal aperture and number and length 
of trichome-hydathodes were reduced by the pollutants. 
The number and length of trichomes, however, increased. 
The higher concentration of the pollutants alone or in 
combination was more effective than their low concentrations-
The increasing effect of Rhizobium on the measures 
of stomata and trichome-hydathodes were influenced 
by the exposures. The exposures also influenced the adverse 
effect of M. incognita and M. javanica on these epidermal 
characters. These parameters m exposed plants inoculated 
with both Rhizobium and M. mcognita/M. javanica were also 
influenced by the air pollutants. These parameters were 
greatest m simultaneous inoculation exposures and lowest 
m post-moculation exposures of plants. 
Air pollutants also suppressed the individual and 
combined effects of Rhizobium and either species of Meloido-
gyne on the number and length of trichomes. The number 
and length of trichomes were greatest m post-moculation 
exposures and lowest m simultaneous inoculation exposures 
of plants. 
INTERACTION OF SIMULATED ACID RAIN, ROOT-KNOT NEMATODES 
AND ROOT NODULE BACTERIA ON CHICK-PEA AND LENTIL 
SO- and NO constitute major portion of gaseous air 
pollutants produced through combustion of fossil fuels. 
They form dilute concentrations of sulphuric and nitric 
acids m the atmosphere which fall on earth as acid precipi-
tation. This acid precipitation brings about several changes 
in terrestrial and aquatic ecosystems. Their adverse effects 
on forest trees and some crops have been recognized. Some 
studies also show their adverse effects on microorganisms 
associated with the plants and alteration of host-oparasite 
relationships. The effect of acid precipitation on root 
nodulation and root-knot nematodes has gained very little 
study. In the present study, interaction of simulated acid 
ram, root-knot nematodes and root nodule bacteria on chick-
pea and lentil, their interactive effects on the various 
parameters of the crops and on root nodule bacteria and 
root-knot nematodes have been examined. In addition to 
it, effects of various pH levels on seed germination of 
both the crops, :iuvenile hatching of the root-knot nematodes 
and growth of Rhizobium in vitro have been investigated. 
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Seed germination 
For this study, five pH levels viz.. 6, 5, 4, 3.2. 
and 2.5 were chosen. Seeds of chick-pea (cv. T-3) and lentil 
(cv. T-36) (100 seeds/pot) were sown m 2 separate series 
of clay pots (30 cm) filled with sterilized sand. The pots 
were completely moistened with water of pH 6, 5, 4, 3.2 
and 2.5. The acidified water of different pH was obtained 
by adding IN H_SO. m distilled water. In control pots 
only distilled water was added. Each treatment was repli-
cated five times. The pots were kept m glasshouse. After 
seven days of sowing, seed germination and post-emergence 
mortality of seedlings were determined for each treatment 
as done m section II. 
Growth of Rhizobium 
The effect of the pH levels on growth of chick-pea 
and lentil strains of Rhizobium was studied separately 
by using YMA medium. The pH of the YMA medium was adjusted 
at different levels viz., 6, 5, 4, 3.2, 2.5 by adding 
IN H SO.. The pH level was adjusted and determined by pH 
meter before autoclaving the medium. The media with diff-
erent pH levels, were poured m sterilized 10 cm petriplates 
(25 ml). For control, the pH of medium was maintained at 7. 
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The one series of petriplates (5 plates for each 
pH level) were inoculated with diluted culture of chick-
pea strain of Rhizobium and other series with lentil strain. 
All inoculations were done in aseptic conditions on a lami-
nar flow bench. The petriplates were then incubated at 
28 C(jf2)in an incubator. After 10 days of incubation , radius 
of the colony was measured as done in the section III. 
Juvenile hatching 
The effect of different pH levels on juvenile hatch-
ing of M. incognita and M. j avanica was examined by keeping 
50 eggmasses of approximately equal size in 6 cm petriplates 
added with 15 ml of water of different pH levels viz., 
6, 5, 4, 3.2 and 2.5. For control, the eggmasses were kept 
in petriplates containing 15 ml of sterilized distilled 
water. Each treatment was replicated five times. The petri-
plates were incubated at 28°C(-f2)in an incubator. After 
seven days of incubation, the hatched juveniles were counted 
and by determining the number of hatched juveniles per 
eggmass,per cent reduction over control was ca'lculated. 
Interaction studies 
To study the interaction of simulated acid rain, 
root nodule bacteria and root-knot nematodes and their 
interactive effects on chick-pea cv. T-3 and lentil cv. 
T-36, the plant culture was done as described in the 
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section II. 
Inoculation of Rhizobium was done at the time of 
sowing by bacterization of the seeds as stated in the sec-
tion II,while the inoculation of Meloidogyne incognita 
and M. ^avanica was done 1 month after sowing. The inoculum 
level of the nematodes was invariably 1000 juveniles (J_) 
per pot. For chick-pea, six sets of pots with following 
inoculations for each pH level (5 and 3.2) were obtained 
before acid ram treatment. 
Tl = Crop plant (control) 
T2 = Crop plant + Rhizobium 
T3 = Crop plant + Meloidogyne incognita 
T4 = Crop plant + Rhizobium + M. incognita 
T5 = Crop plant + M. ]avanica 
T6 = Crop plant + Rhizobium + M. javanica 
For the study two pH levels viz., 5 and 3.2 were 
selected and acidified water was prepared by mixing IN H-SO, 
in sterilized distilled water. For acid rain treatment 
of the plants, acidified water was sprayed over the plants 
designated to receive the treatment with the help of showers 
m closed chambers m glasshouse. In one time exposure, 
7 mm acid ram treatment was given and repeated twice a 
week till the termination of the experiment since the beginning 
of acid rain treatment. 
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Treatments of plants with acid rain (both pH 5 and 
3.2) were started at three different times in relation 
to nematode (J_) inoculation as given below. 
(i) Pre-moculation treatment 
The acid rain treatment started one week before 
nematode inoculation. 
(ii) Simultaneous inoculation treatment 
Acid ram treatment started at the time of nematode 
inoculation. 
Ill) Post-moculation treatment 
Acid ram treatment started one week after nematode 
inoculation. 
One set of pots was kept in glasshouse to serve 
as control for respective treatments and inoculations. 
After 100 days of seed sowing, the experiment 
was terminated and the various parameters as considered 
and described in the section II were studied. 
A similar experiment was conducted using lentil 
(cv. T-36) as test plants. All the treatments and inocula-
tions and considered parameters at the termination of the 
experiment were same as for chick-ipea. 
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Seed germination 
The soil acidity suppressed seed germination of 
both chick-pea and lentil. Seed germination showed stepwise 
decrease with the increasing acidity. At pH 6, the reduction 
in seed germination was 2.20 and 1.14% m chick-pea and 
lentil respectively. But at pH 2.5, the reduction was consi-
derably high. It was 39.56 and 36.36%, in chick-pea and 
lentil respectively. The reduction m seed germination 
was greater m chick-pea than lentil. Post-emergence morta-
lity of seedlings of both the crops was also influenced. 
The mortality of the seedlings increased with the increasing 
Table 1. Effect of pH on seed germination of chick-pea and 
lentil and post-emergence mortality of the seed-
lings . 
pH Chick-pea Lentil 
Germi- Reduc- Seedling Germi- Reduc- Seed-
nation tion mortality nation tion ling 
% over % % over morta-
control control lity 
% % % 
Control 
6.0 
5.0 
4.0 
3.2 
2.5 
91 
89 
77 
70 
63 
55 
2.20 
1 5.38 
23.08 
30.77 
39.56 
0 
1 
4 
8 
1 2 
1 5 
88 
87 
77 
71 
62 
56 
1.14 
1 2.50 
19.32 
29.55 
36.36 
3 
3 
5 
9 
15 
16 
acidity. At pH 6, the mortality of seedlings was 1 and 
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3% m chick-pea and lentil respectively. But at pH 2.5, 
it increased to 15 and16%.The post-emergence mortality of the 
seedlings was greater m lentil than chick-pea (Table 1 ) . 
Growth of Rhizobium 
Growth of chick-pea and lentil strains of Rhizobium 
was affected by the pH level of the medium. At pH 6, the 
growth of chick-pea strain was unaffected while the growth 
of lentil strain of Rhizobium showed slight increase. At 
pH 5, growth of both the strains decreased. The reduction 
in colony growth of chick-pea and lentil strains was 20.27% 
Table 2. Effect of pH on growth of chick-pea and lentil 
strains of Rhizobium in culture medium. 
pH 
Control 
6.0 
5.0 
4.0 
3.2 
2.5 
Colony 
growth 
(radial) 
mm 
7.4 
7.4 
5.9 
3.6 
-
-
Ch ick -pea 
Reduction 
over cont-
rol % 
0.00 
20.27 
51 .35 
-
-
Colony 
growth 
(radial) 
mm 
1 3.6 
14.0 
11.7 
8.8 
3.1 
-
Lentil 
Reduction 
over cont-
rol % 
1 3.97 
35.29 
77.21 
-
and 13.97% respectively. At pH 4, further reduction in 
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growth occurred. The reduction was 51.35% in chick-pea 
strain and 35.29% in lentil strain. At pH 3.2, growth of 
chick-pea strain was completely inhibited, while 77.21% 
reduction occurred in growth of the lentil strain. At pH 
2.5, growth of the lentil strain was also completely inhibi-
ted (Table 2). 
Juvenile hatching 
The acidity of the water suppressed juvenile hatching 
of the root-knot nematodes, M. incognita and M. javanica. 
The hatching was progressively suppressed by the increasing 
Table 3. Effect of different pH levels on juvenile hatch-
ing of Meloidogyne incognita and M. j avanica 
pH M. incognita M. j avanica 
Juveniles/ Reduction Juveniles/ Reduction 
eggmass over eggmass over 
control % control % 
Control 364 341 
6.0 280 23.08 269 21.11 
5.0 173 52.47 162 52.49 
4.0 110 69.78 96 71.85 
3.2 83 77.20 74 78.30 
2.5 46 87.36 37 89.15 
acidity. At pH 6, the reduction was 23.08 and 21.11% in 
M. incognita and M. ]avanica, respectively. At pH 2.5, 
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per cent reduction was 87.36 and 89.15 in M. incognita 
and M. javanica respectively (Table 3). 
CHICK-PEA^ Cicer arietinum L. 
Plant growth and yield 
Simulated acid ram of pH 5 and 3.2 adversely affec-
ted plant growth (length, fresh and dry weights of shoot 
and root) and the yield characters (number of flower and 
fruits) of chick-pea. The effects of acid ram of pH 3.2 
were significantly greater than pH 5. Acid rain of pH 3.2 
caused significant reductions (at P = 0.01 ) m all the 
growth and yield parameters. Acid rain of pH 5 reduced length 
and fresh weight of shoot and number of flowers and fruits 
(significant at P = 0.01), and length and fresh weight 
of root and dry weights of shoot and root (significant 
at P = 0.05). The favourable effects of Rhizobium inocula-
tion on the growth and yield parameters were suppressed 
m the plants treated with acidified rams. The extent 
of suppression was related to pH of the simulated acid 
ram; being greater with acid ram of pH 3.2 (Tables 4 
and 5, Figs. 1A and IB). 
Root-knot nematodes, M. incognita and M. ;]avanica 
affected growth and yield parameters of chick-pea differen-
tly, M. incognita caused significant reductions in all 
growth and yield parameters. The reduction in shoot dry 
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weight was however, significant only at P =0.05. M. javanica 
caused less reductions m comparison to M. incognita. The 
reductions m root length and yield parameters were signifi-
cant at P = 0.01 and shoot length at P = 0.05, while the 
reductions in fresh and dry weights of shoot and root were 
not significant. When plants were treated with acid ram 
and inoculated with the nematodes, the growth parameters 
were lowest. Acid ram of pH 3.2 was more effective than 
pH 5 in this respect (Table 4 and 5, Figs. 1A and IB). 
Among the three timings of dispensing of the acid 
rams, highest plant growth was observed m pre-moculation 
treatment. But the differences among the timings of acid 
rain dispensings were not significant. M. incognita m 
the presence of Rhizobium also significantly (P = 0.01) 
reduced the root length, fresh and dry weights of shoot 
and yield parameters. Fresh weight of root was reduced 
significantly at P = 0.05, while reduction m length of 
shoot and dry weight of root was not significant. M.javanica 
m presence of Rhizobium did not cause reductions in plant 
growth. Instead significant (at P = 0.01) increase in length 
of shoot, fresh and dry weights of shoot and root was recor-
ded. Reduction due to combined effect of M. incognita and 
Rhizobium and increase due to M. ]avanica and Rhizobium com-
bination were suppressed by the acidified rams. The adverse 
effect of pH 3.2 was greater than pH 5. The plant growth and 
yield was highest m the pre-inoculation treatment of acid 
rains and was lowest m the post-moculation treatment (Tables 4 and 
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5, Figs. 1A and IB). 
Root-knot disease and root nodulation 
Root galling and eggmass production were suppressed 
by acid rams; reductions being greater with acid rain 
of pH 3.2. The reduction m root galling and eggmass produc-
tion of both the nematodes by acid rams occurred even 
in the presence of Rhizobium. The acid rain m all the 
three timings of applications, viz., pre-, post- and simul-
taneous inoculation, suppressed the root-knot nematodes, 
with or without Rhizobium, which was highest in pre-mocula-
tion and was lowest m post-moculation (Table 6). 
The acid ram of pH 3.2 and 5 also inhibited root 
nodulation. Root nodulation was greatest m pre-inoculation 
treatment of the acid rams and lowest m post-moculation 
treatment. In the nematode inoculated plants, the number 
of both total and functional nodules was highest m pre-
inoculation treatment and lowest m post-moculation treat-
ment. The suppression observed in the root nodulation by 
the root-knot nematodes was adversely affected by the acid 
rain treatments. The number of nodules infected with nema-
todes was also significantly reduced in the acid ram trea-
ted plants and their number was highest m pre-inoculation 
treatment and lowest m post-inoculation treatment of acid 
rains. The acid rain of pH 3.2 was more effective than 
of pH 5 in all the treatments (Table 6). 
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Leaf pigments and seed proteins 
Leaf pigments and seed proteins were reduced by 
the simulated acid rains. The effects of acid rain of pH 
3.2 were significantly greater than of pH 5. In comparison 
to control,the reduction in pigment content of leaves caused 
by acid rain of pH 3.2 was significant at P = 0.01 and 
by the pH 5 was significant at P = 0.05. The protein content 
of seeds were reduced by both the pH levels of acid rain. 
The increase in the chlorophyll content of leaves and pro-
tein content of seeds caused by application of Rhizobium 
was suppressed by the acid rains. The acid rain of pH 3.2 
was more effective than of pH 5 in this respect. Effect 
of the nematode inoculations alone or along with Rhizobium 
on chlorophyll content of leaves and protein content of 
seeds were influenced by the acid rains. Among the three 
timings of acid rain applications, the chlorophyll and 
protein contents were highest in pre-inoculation and lowest 
in post-inoculation treatments of the acid rains (Table 
7, Figs. 1C and ID). 
Leaf epidermal characters 
The various leaf epidermal characters on both the 
leaf surfaces were affected by the acid rains. The number 
of stomata, size of stomata and stomatal aperture, the 
number and length of trichome-hydathodes were reduced. 
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The ram of pH 3.2 was more effective than of pH 5. The 
effects were greater on the upper surface than lower surface 
of leaves. Number of stomata, size of stomata and stomatal 
aperture on the upper surface of leaves were significantly 
reduced by acid rain pH 5. The reductions m these measures 
on lower surface were not significant. The number of stomata 
on upper surface and trichome-hydathodes on both surfaces 
of the leaves were significantly reduced. The reduction 
m the size of stomata and stomatal aperture on upper 
surface and the length of trichome-hydathodes on both the 
surfaces was significant at P = 0.05. The reductions m 
all these leaf epidermal characters due to rain of pH 3.2 
were significant at P = 0.01. But reduction m the size 
of stomata on lower surface was significant only at P =0.05. 
The favourable effects of Rhizobium and adverse effects 
of either species of Meloidogyne, alone and m combination 
on the leaf epidermal characters, were suppressed by the 
acid rams. The suppression was greater by acid ram of 
pH 3.2 than of pH 5. There were no significant differences 
m the measures of epidermal characters between pre-, post-
and simultaneous inoculations of the nematodes in relation 
to acid ram applications although the epidermal characters 
were highest and lowest m pre- and post-inoculation treat-
ments of acid rams (pH 5 and 3.2), respectively (Table.8, 
9 and 10). 
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The trichomes on the leaves of chick-pea responded 
positively to acid rain treatments and their number and 
length significantly increased. The increase m the number 
and length of trichomes due to pH 3.2 ram was significant 
at P = 0.01 on both the surfaces. Acid rain of pH 5 signifi-
cantly (at P = 0.01 ) increased the number of trichomes 
on both the leaf surfaces and trichome length on the upper 
surface. The increase m length of trichome on lower surface 
was not significant. The reducing effect of Rhizobium in 
the measures of trichomes was suppressed by the acid rains. 
The response of trichomes as a result of M. incognita and 
M. J avanica infection of plants, m the form of their incre-
ased number and length, and the responses of trichomes 
on plants inoculated with root-knot nematodes and Rhizobium 
were suppressed by acid rain applications. There was no 
marked difference between pre-, post- and simultaneous 
inoculation of the nematodes and acid rain applications, 
in these respects. The number and length of trichomes were 
highest m post-moculation treatments of acidified ram 
and were lowest m pre-inoculation treatments of acid ram 
of both the pH. On epidermal characters, the impact of acid 
rain of pH 3.2 was more than acid rain of pH 5 (Table 11). 
LENTIL, Lens culinaris Medic. 
Plant growth and yield 
Simulated acid rams of pH 3.2 and 5 adversely 
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affected plant growth and flowering and fruiting of lentil 
as well. The reductions by the acid rams of pH 3.2 and 
5 were significant at P = 0.01 except the reductions caused 
by acid ram of pH 5 m root length and fresh weight of 
shoot and root and dry weight of root which were , however, 
significant at P = 0.05. The favourable effects of Rhizobium 
and decreasing effects of M. incognita and M. ]avanica 
on the growth and yield parameters of lentil were reduced 
by the acid rams. The interactive effects of M. incognita 
and M. ]avanica with Rhizobium were variously influenced 
by the acid rams. Poorest plant growth were observed when 
acid ram and the nematode (either species of Meloidogyne) 
were present. Plant growth and yield parameters were highest 
m pre-inoculation treatments of acid rain and were lowest 
m post-moculation treatments. The differences between 
pre-, post- and simultaneous inoculation treatments of 
acid rams m both the pH were, however, not significant. 
In all the treatments of acid ram the ram of pH 3*2 was 
invariably more effective in causing various adverse effects 
than acid ram of pH 5 (Tables 12 and 13, Figs. 2A and 
2B) . 
Root-knot disease and root nodulation 
Simulated acid rams of both pH levels suppressed 
root galling and eggmass production of M. incognita and 
M. lavanica on lentil significantly. The reductions m 
the number of galls and eggmasses of M. incognita and M. 
navanica due to interaction with Rhizobium were affected 
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by the acid rains. Poorest root galling and eggmass produc-
tion of both species of Meloidoqyne occurred, when the 
root-knot nematode and Rhizobium inoculated plants were 
exposed to acid rains. The number of galls and eggmasses 
were greater m post-moculation treatment than in simul-
taneous or pre-inoculation treatment of acid rams (Table 14) 
As m chick-pea, root nodulation of lentil was also 
adversely affected by the simulated acid rams. Total number 
of nodules and the functional nodules decreased significan-
tly by both the pH of rams. The adverse effects of M. 
incognita and M. javanica, which caused reductions in total 
number of nodules and number of functional nodules were 
influenced by the acidified rams. Poorest root nodulation 
was observed when M. incognita inoculated plants were trea-
ted with acid ram.The number of nodules infected with the 
nematodes was also reduced by the acid rains. Number of 
total nodules, functional nodules and the infected nodules 
were highest m pre-moculation treatment and lowest m 
post-moculation treatment of acid rams. Invariably in 
all the treatments, pH 3.2 acid rain was more effective 
than acid ram of pH 5 (Table 14). 
Leaf pigments and seed proteins 
Leaf pigment and seed protein contents were signifi-
cantly reduced by the simulated acid rams m lentil plants 
d 
•p 
o 
o 
u 
•a 
a 
a 
a 
o 
tiO 
0) 
rH 
rH 
& 
•P 
o 
o 
IH 
c 
O 
u 
(U 
• p 
o 
3 
•p 
o 
o 
•a 
c 
(t) 
10 
I p 
o 
o 
u 
•o 
-3 
o 
o • 
5^ 
(11 
• Q 
• CO
• J 
g 
• o 
T-
o 
• o 
01 
2 (S 
S 
M 
•p 
<D 
OJCTv 
00 l A 
MD t ^ 
• • 
CM K-i 
CM CO 
Ovun I 
C D O 
VO t o 
K^\0 1 
1 ^ N~> 
^ K ^ 1 
(N O 
CM CM 
3 rj© 
yo C M - * 
OOOCNJ 
S CMK^ 
t • • 
cMcno 
- ^ • T - c ^ 
• • • 
• • 1 
•25 
• • 1 
• • 1 
^ CM 
C M - * CM 
• • • 
cr\r-co 
<r CM 
• • • 
O CMCO 
CM'^-a-
• • « 
r - f ^ O 
• • • 
l A M D t ^ 
O C O CM 
mi's 
• • • 
C0C7>C0 
i n f A 
Q O O 
Co CM t^ « • • 
-* (<^o 
(NJ-4- m 
CO v - U ) 
• • • 
- * f A O 
t^^O r-
• • • 
> £ ) 0 CM 
r- C M ^ 
• • • 
l A C M O 
T-VD CO 
• » • 
CD i n f O 
CM-3-<f 
• • • 
l A C M O 
:f; 
O f -
-3 - ^cO 
i n i A O ) 
r-f lOl-
(NJCMOO 
CMCTvt-
M 3 . * v O 
C O f ^ r -
CMCJ\ CM 
^ - 4 - CO 
• • « 
-JO tr\ inr- (M 
t-l b< M 
t^lTy lACM 
• • • • 
T - 0 0 {MU3 
vj- CM T- t -
ir\C~- O T-
ir>T- c^CA 
CM>J3 - t o o 
i r \ T - -3- T-
^ i - i -
" X K f .J-
CMCMO 
t o o T-
- * U ) CM 
• • • 
n^O r-
CMCO-;r 
CMK%CM 
• • • 
H C n M 
C O T 
vON-v -a - - * 
l A t ^ 
cr>-4- ' ^ l A 
•-J CM e-gco 
c r i n 
r A i -
CM t 
• • 
- I -
- * C M - * < ! • 
« • • • 
o c n OCO 
rA CM 
-*C0 CO CM 
Joa c3>o 
CM <I3 ' J O I M 
s 
r -CD 
lACM 
VO CM O - t 
MD K^ t^CM 
l A I A 
t^CO 
- * CM 
C O ^ CMCO 
CJMA 
-a- CM CM^a 
&& 
<t^ CM CM 
-4-CO CO CM 
CM<}-3P^  
o u o w 
a 
OM O M 
• O 
* 
CJ^  CM t ^ T- C^C7^ 
CO COCh T-VO T-
C O i ^ i 
r -K^CM 
y3 CM T-
CMC0M3 
C h C M i -
COMD T- C O ^ «-
CO t - C M 
C--CO O 
C ^ O T -
CM CM 
- J CM T-
O tOIA 
t * • 
UJ lACM 
l A i n - * 
* « • 
KDUi CM 
E-i CK W f H P ^ H 
fMJ-
» • O B O 
m^ 
• • 
^"^ 
cOfS^ 
lAVO 
• • 
i n > ^ 
l A ' -
• • 
CM T -
C O - * 
• • CAt^ 
<t «-
C0(M 
• • ^AlA 
•4 -V-
^DCO 
• • i n o 
CM T -
CNJCM 
• • c^J<J^ 
CM 
a\S 
« • ( A r -
cr>o 
t^CM 
• « CM T-
lACO 
> ^ I A 
• • C M T -
c n i A 
CO 00 
C7MA 
l A ^ 
• • C M T -
s® 
CJtA 
CO l A 
CM CO 
-ll O 
3S 
CO-J-
C D O 
• • 
CO<f 
f A r A 
CO lA 
O M 
O 
•a 
p 
o 
.'^ 
i 
II 
o 
E-< 
II 
P 
a) 
o 
-H 
H 
01 
w (t 
a bO 
W 
II 
w 
•• rH 
H 
s 
II 
o 
<(l 
o 
01 
B 
W 
M 
o 3 
rH 
(0 
> 
x: 
o 
a 
265 
266 
receiving no treatment of Rhizobium and the nematodes. 
But the reduction m chlorophyll a and total chlorophyll 
contents was significant only at P = 0.05. The increasing 
effect of Rhizobium on the pigment content of leaves and 
protein content of seeds was also suppressed by the acid 
rams. The reducing effects of M. incognita and M. j avanica 
on pigment content of leaves and protein content of seeds 
were influenced by the acid rains. Relatively less reduc-
tions were caused by the nematodes m these measures because 
of acid rain applications. The effects on leaf pigments 
and seed proteins in the presence of root nodule bacteria 
and M. j avanica or M. incognita were further reduced by 
the acid rain applications. The chlorophyll content of 
leaves in plants inoculated with Rhizobium and root-knot 
nematode and exposed to acid ram was greater than the 
exposed plants without any inoculation or to the root-knot 
nematode inoculated plants. The leaf pigments and seed 
proteins were highest m pre-inoculation treatments of 
acid ram and lowest in post-moculation treatments. In 
all the treatments, comparatively acid ram of pH 3.2 was 
more effective than of pH 5 (Table 15, Figs. 2C and 2D). 
Leaf epidermal characters 
Simulated acid rains adversely affected leaf epider-
mal characters of lentil. The stomatal count and size were 
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reduced significantly by acid rain of pH 3.2. Reduction 
m size of stomata was significant at P = 0.05 and P = 0.01 
on the lower and upper leaf surface respectively. The favou-
rable response of epidermal characters by the presence 
of Rhizobium was diminished by the simulated acid rams. 
The effects of M. incognita and M. javanica alone and m 
combination with Rhizobium were also suppressed by simulated 
acid rams. The suppressive effect of acid ram of pH 3.2 
was greater than pH 5. The number of stomata and the size 
of stomata and stomatal aperture were highest in pre-mocu-
lation treatment of acid ram and were lowest m post-inocu-
lation treatment of acid rains m relation to nematode 
inoculation (Table 16 and 17). 
The trichomeson lentil leaves responded positively to 
acid rams and their number and length significantly increa-
sed. The increase m the length of trichomes on lower sur-
face was only significant at P = 0.05. The decreasing 
effects of Rhizobium and increasing effects of M. incognita 
and M. javanica or the combined effects of the root-knot 
nematodes and Rhizobium on trichomes were suppre-
ssed by the acid rams. The number and length of trichomes 
were lowest m pre-moculation treatment and highest m 
post-moculation treatment of acid rams (Table 18). 
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The seed germination of chick-pea and lentil was 
inhibited m the acidic media. During the seed germination, 
several biochemical changes occur. (Paleg, 1960a, 1960b; 
Yomo, 1960a, 1960b). a-amylase, produced m the outer layers 
of germinating seeds plays important role in the germination 
of seeds, by converting the reserved carbohydrates into 
utilizable forms (Yomo, 1958). The enzyme ct-amylase is 
sensitive to pH of both acidic and alkaline range, because 
m these pH rang© enzymes are denatured (Fruton and Simraonds, 
1959; Devlin, 1975). It is likely that the poor germination 
of seeds of chick-pea and lentil resulted from the dimini-
shed activity of Ct-amylase, since m the soil, acidified 
water was added. This relationship was also evident from 
the fact that a stepwise decrease in germination occurred 
with increasing acidity. Besides it, the toxic effects 
of sulphate ions might have adversely affected the physio-
logical and biochemical activities of seeds during the 
germination. Tamm and Cowling (1976) has found the inhibi-
tion of seed germination by acidified ram. The difference 
m the reduction of seed germination of chick-pea and lentil 
caused by the same pH levels may be due to the difference 
m the nature of the seed coats, which would interfere 
in the permeability of water (Hyde, 1954). The greater 
post-emergence mortality of seedlings mlentil than chick-
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pea may be also related to their differential response 
to acidity derived from their inherent characters. 
The pH levels variously affected the growth of 
Rhizobium m vitro. The chick-pea strain of Rhizobium 
belongs to the slow growing Rhizobium of cowpea group 
while the lentil strain of Rhizobium belongs to R. legumi-
nosarum, the fast growing group (Burton, 1979; Elkan, 1984). 
Slow growing bacteria are non-acid producing and increase 
the pH of media, while the fast growing bacteria produce 
acids (Vincent, 1977). Thus the slow growing bacteria would 
be susceptible to acidity while the fast growing bacteria 
would be less affected by the pH m acidic range. In the 
present study at pH 6, growth of chick-pea strain of 
Rhizobium was not affected, while the lentil strain of 
Rhizobium showed a slight increase m growth. The fast 
growing lentil strain, which is acid producing was favoured 
by the slight acidity while the chick-pea strain, a non-
acid producer remained unaffected at pH 6 • But with further 
increase in the acidity, growth of both the strains was 
inhibited. At pH 3.2, growth of chick-pea strain of 
Rhizobium was totally inhibited, but the lentil strain 
showed slight growth. The growth of lentil strain was comp-
letely inhibited at pH 2.5. At all the pH levels, the extent 
of growth of chick-pea strain was greater than lentil strain. 
This variations may be related to their relative affinity 
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towards acidity. The sulphate ion might have also contribu-
ted towards the growth inhibition of Rhizobium strains. 
Juvenile hatching of both M. incognita and M. java-
nica was inhibited by pH m acid range and gradually decrea-
sed with the increasing acidity. The :)uvenile hatching 
of root-knot nematodes is known to be affected by the pH 
level. The optimum pH for the hatching is 7 and inhibition 
occurs at pH levels lower than 7 (Ahmad and Khan, 1964; 
Wallace, 1966). 
The adverse effects of simulated acid rains on plant 
growth and yield characters, leaf chlorophyll and seed prot-
ein contents were directly correlated with pH level of the 
ram.The ram of lower pH level (pH 3.2^ was more inhibitory 
than rain of comparatively higher pH level (pH 5). The 
reports available m literature show that reduction m 
growth of crop plants generally occurs when the plants 
are exposed to acidified ram (Shrmer and Johnston, 1981; 
Brewer and Heagle, 1983; Ashenden and Bell, 1987; Evans, 
1988). The yield losses in crop plants have also been obser-
ved (Shriner and Johnston, 1981; Brewer and Heagle, 1983; 
Ashenden and Bell, 1987 Porter e^ al^ . , 1987; Pell and Puente, 
1987; Hua and Wang, 1987). The reduction m plant growth 
might have been caused by the reduced photosynthesis and 
other physiological activities. The reduction m the yield 
may be related to reduced plant growth and flowering and 
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failure of fruit setting due to failure of pollen germina-
tion (Wertheim and Craker, 1987, 1988). The low pH levels 
of acid rams or sulphate ions present m the rams might 
be directly responsible for reduced plant growth. According 
to Waldron (1978), the pH level is more responsible for 
the reduction m growth and yield than the sulphate ions. 
Shriner and Johnston (1981) have also concluded that pH 
level was mainly responsible for growth reductions of 
soybean caused by acid rain. The chlorophyll content of 
the leaves m both chick-pea and lentil decreased with 
the increasing acidity. The phaeophytmization of chloro-
phyll molecules caused by sulphate ions and by low pH (Rao 
and LeBlanc, 1966; Sharma and Rao, 1985), may be claimed 
to be responsible for low chlorophyll content of leaves 
treated with acid rams. The reduction in protein content 
might have been caused through the overall poor growth 
of the acid ram exposed plants. In earlier studies, the 
seed protein content m soybean have been found to be redu-
ced by acidic rainfalls (Evans e^ al. 1981, 1983). The 
reduction in the number of stomata, size of stomata and 
stomatal aperture, number and length of trichome-hydathodes 
and the increase m the number and length of trichomes 
in the simulated acid ram exposed plants were apparently 
adaptations of the plants to check excessive transpiration 
induced by the acid rams. Increase m the measures of 
trichomes support the above contention. 
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The simulated acid rams suppressed root nodulation 
on chick-pea and lentil. The number of functional nodules 
was also reduced. In some earlier studies similar effects 
of acid ram on root nodulation by Rhizobium have been 
recognised (Shriner, 1978; Waldron, 1978; Shriner and 
Johnston, 1981; Brewer and Heagle, 1983). The reduction 
in the nodulation was directly correlated with the pH level. 
The direct inhibitory effect of low pH on Rhizobium and 
poor plant growth under acid ram stresses can be called 
as possible factors responsible for inhibition. Some studies 
have also shown that low pH levels were inhibitory for 
Rhizobium growth (Alexander, 1984; Freire, 1984; Munns.et 
al^.,1979). The direct toxicity of H"^  or SO.~~ions present 
in the rains acidified with sulphuric acid may be attributed 
as primary factor for such suppression. Additionally, the 
greater solubility of pH dependent toxic metals like Mn 
(Waldron, 1978) might also effect root nodulation and 
plant growth. In the plants inoculated with Rhizobium, 
the suppression of root nodulation might have reduced the 
nitrogenase activity (Shriner and Johnston, 1981). These 
effects might have acted as contributory factors for the 
reduction m plant growth and yield, in addition to direct 
effects of acid rains on plants altering their physiological 
and biochemical processes. 
The gall formation and eggmass production of both 
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M. incognita and M. javanica were considerably reduced 
in the acid rain exposed plants of chick-pea and lentil. 
The effect of acid ram on root-knot nematodes has gained 
negligible study. The decreased root infection and repro-
duction of M. hapla m red kidney beans under the stress 
of acid ram was demonstrated by Shriner (1978). Most recen-
tly Bolla and Fitzsimmons (1988) found that reproduction 
of Bursaphelenchus xylophilus was decreased m pine seed-
lings treated with acid ram. The present observations 
are in accordance to these observations. In the various 
acid ram treatments, gall formation and eggmass production 
by the root-knot nematodes were lowest m the plants where 
nematode inoculation followed the acid ram exposure (pre-
moculation treatment) and were highest m the plants where 
acid rain exposure followed the nematode inoculation (post-
inoculation treatment). This differences m the gall forma-
tion and eggmass production indicated the alterations 
in the host physiology which make plants tolerant to nema-
tode infection as well as to other pathogens (Evans, 1982; 
Haines, et aJ^ . , 1985; Bolla and Fitzsimmons, 1988). The 
effect of nematodes due to the difference in the pathoge-
nicity in all the three exposures of acid rain in relation 
to nematode inoculation varied according to the nematode 
infection on the various parameters as well as on the inter-
action of the root-knot nematodes with Rhizobium. 
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Interaction between simulated acid ram (pH 3.2, 5) 
and Rhizobium was antagonistic on both the crops. Root-
nodulation was inhibited and consequently the plants under 
acid rain stress could derive less benefit through nodula-
tion. Interaction between acid rain and root-knot nematodes 
was also antagonistic, interacting under the acid rain 
stress both species of root-knot nematodes were inhibited. 
As in other experiments Rhizobium and root-knot nematodes 
interacted antagonistically and the interactive effects 
were evident on the parameters considered for study. When 
all the three, simulated acid ram, Rhizobium and root-
knot nematode (either species) were together/ the interaction 
was antagonistic and both the living components, Rhizobium 
and Meloidogyne sp. were suppressed. Plant under the influ-
ence of this three dimensionally interacting system showed 
some improvement in comparison to the plants having single 
stress (acid ram or root-knot nematode) in relation 
to plant growth and yield and other considered parameters. 
The adverse effect was greatest when either species of 
Meloidogyne interacted with simulated acid ram. 
suiyiiyi,A.FtY 
Seed germination of chick-pea and lentil was suppre-
ssed and post-emergence mortality of seedlings was increased 
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by the soil acidity. Inhibition of seed germination and 
post-emergence mortality of seedlings were found to be 
pH dependent. In relation to germination, lentil seeds 
were more tolerant to acidity than chick-pea seeds. But 
the seedlings of lentil were more sensitive to acidity, 
and suffered greater mortality than chick-pea seedlings. 
Growth of chick-pea and lentil strains of Rhizobium 
was inhibited by the pH of the media. The extent of inhibi-
tion was correlated with the acidity of the medium. But 
at pH 6, growth of chick-pea strain of Rhizobium was unaffe-
cted while lentil strain of Rhizobium showed slightly better 
growth than control. Total inhibition of growth of 
chick-pea strain was recorded at pH 3.2 while total 
inhibition m growth of lentil strain was found at pH 2.5. 
The chick-pea strain of Rhizobium was apparently more sensi-
tive to acidity than lentil strain. 
Juvenile hatching of M. incognita and M. -j avanica 
was adversely affected by the acidity of the media and 
decreased with the increasing acidity. The suppression 
m juvenile hatching of M. incognita was greater than M. 
] avanica at pH 6 but from pH 5 onward m acidic range 
the suppression m juvenile hatching of M. javanica was 
more than M. incognita. 
Simulated acid rams of pH 5 and 3.2 adversely 
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affected plant growth (length, fresh and dry weights of 
shoot and root), flowering, fruiting, chlorophyll content 
of leaves and protein content of seeds of chick-pea and 
lentil. The adverse effect of the acid rain of pH 3.2 was 
consistently greater on all the considered parameters than 
pH 5. The simulated acid rains also suppressed the favoura-
ble effects of Rhizobium and deleterious effects of the 
species of Meloidogyne. The combined effects 'of Rhizobium 
and either species of Meloidogyne were also adversely affec-
ted by the acid rams. These parameters were highest m 
pre-inoculation treatment and lowest m post-moculation 
treatment of simulated acid rains (pH 3.2 and 5) m relation 
to nematode inoculation. 
Root-galling and eggmass production of M. incognita 
and M. j avanica were suppressed by the acid rams. The 
suppressing effect of Rhizobium on root galling and eggmass 
production of both the species of Meloidogyne was adversely 
affected by the acid rams. On both the crops, root nodula-
tion of Rhizobium was also adversely affected. The suppre-
ssion of root nodulation and infection of nodules by the 
root-knot nematodes were reduced by the acid rams. Root 
galling and eggmass production were greatest m post-inocu-
lation treatment and lowest m pre-moculation treatments 
of the acid rams, while the root nodulation (number of 
total, functional and infected nodules) was highest m 
pre-inoculation treatment and lowest m post-moculation 
treatment. 
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Leaf epidermal characters responded variously to 
the simulated acid rains. The simulated acid rains reduced 
the number of stomata, size of stomata and stomatal aperture 
and the number and length of trichome-hydathodes. The number 
and length of trichome were increased. All these effects 
were consistently greater with acid rain of pH 3.2 than 
pH 5. 
The effects of Rhizobium and either species of 
Meloidogyne, separately and in combination were suppressed 
by the acid rains. The number of stomata, size of stomata 
and stomatal aperture and number and length of trichome-
hydathodes were greatest in pre-inoculation treatment and 
lowest in post-inoculation treatment of the acid rains 
(pH 3.2 and 5). The number and length of trichomes were 
greatest in post-inoculation treatment and lowest in pre-
inoculation treatment of the acid rains. 
S E I C H T I O l S r -V 
INTERACTION OF AMBIENT FLYASH POLLUTED SOIL/FLYASH AMENDED 
SOIL, ROOT-KNOT NEMATODES AND ROOT NODULE BACTERIA ON 
CHICK-PEA AND LENTIL 
The Thermal Power Plant, Kasimpur, the pollution 
source in the study, emits flyash which spreads in the nearby 
areas and alters the soil quality depending on the extent 
of deposition. The effects of the soil containing flyash, 
on seed germination of chick-pea and lentil, and on juvenile 
hatching of Meloidogyne incognita and M. javanica, and inter-
action of flyash polluted soils, root-knot nematodes and 
root nodule bacteria and their interactive effects on chick-
pea and lentil were studied in glasshouse conditions in two 
ways. They are presented as part A and part B separately, 
in this section. In part A study, ambient flyash polluted 
soils were used and in part B study, field soil was amended 
artificially with flyash. 
For part A of the study, the ambient flyash polluted 
soils were collected from two different sites/ 1/2 km and 
2 km away from the thermal power plant, which were also the 
sites for conducting experiments in ambient air. Physical 
and chemical characteristics of the soils were also examined. 
For part B, field soil was amended by adding flyash to 
achieve different levels of flyash (v/v) i.e. 0 (control), 
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10, 20, 30, 40, 50, 60, 70, 80, 90 and 100%. Flyash for amend-
ment of the soil was obtained directly from the Thermal Power 
Plant, Kasimpur. 
Physical and chemical properties of soil 
In order to assess the effect of air pollution on 
the characteristics of soils, soil samples were collected 
by soil auger from surface to 1 feet depth from 2 different 
sites, m the polluted area 1/2 (S. ) and 2 km (S_) away from 
the thermal power plant and from the unpolluted area. The 
samples consisted of five sub-samples collected at random. 
The soil samples properly marked and packed m polythene 
bags were brought to laboratory and their physical characte-
ristics like soil texture, porosity, water holding capacity 
and chemical properties like pH, conductivity, organic matter, 
cation exchange capacity, carbonates, bicarbonates and sul-
phates were determined employing standard methods (Jackson, 
1958; Chopra and Kanwar, 1976). 
Seed germination 
To assess the impact of the ambient flyash polluted 
soil on the seed germination of the crops, healthy seeds 
of chick-pea (cv. T-3 ) and lentil (cv. T-36) were sown m 
flyash polluted soils and in unpolluted soil, sterilized 
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and filled m 30 cm clay pots (100 seeds/pot). Each treatment 
was replicated 5 times. After seven days, the successfully 
germinated seeds and the seeds which germinated but seedlings 
died after emergence (post-emergence mortality) were counted. 
In the same way, the seed germination and post-emergence 
mortality of seedlings were determined m the various arti-
ficially flyash amended soils and per cent reduction m rela-
tion to control was calculated. 
Juvenile hatching 
For studying the effect of ambient flyash polluted 
soil and artificially flyash amended soil on ;]uvenile hatching 
of M. incognita and M. javanica, 50 eggmasses of almost equal 
size of each species were kept separately m the polluted 
as well as m unpolluted soil in 7 cm icecream cups and mois-
tened. Each set was replicated five times. The cups were 
kept moist during the sudy. After seven days, the hatched 
juveniles (J^) were isolated and collected over 500 mesh 
sieve and counted under the binocular light micro-scope and 
2)uvenile hatching/eggmass was determined and per cent reduc-
tion over control was calculated. 
Interaction studies 
To examine the interaction of ambient flyash polluted 
soil /artificially flyash amended soil, root-knot nematodes 
and root nodule bacteria and their interactive affects on 
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chick-pea and lentil m glasshouse, seeds of both crops were 
sown in sterilized soils (polluted and unpolluted), m 30 cm 
clay pots and the root nodule bacteria and root-knot nema-
todes treatments were given as done in the section II. Each 
treatment was replicated five times. At the termination 
(100 days after sowing) of the experiments, various parame-
ters of study as given m the section II were considered. 
F»s.ir-t A. - AMBIENT FLYASH POLLUTED SOIL 
Physico-chemical characteristics of the ambient polluted soils 
The physico-chemical characteristics of the soils 
collected from the two different sites (S- and S^) m the 
vicinity of the Thermal Power Plant, Kasimpur and from the 
University Farm, Aligarh (unpolluted site) are summarized 
in Table 1. In general, soil porosity, water holding capacity, 
conductivity, cation exchange capacity and organic matter, 
sulphate, carbonate and bicarbonate contents of soils collec-
ted from both polluted sites were greater than of the soil 
from the unpolluted site. These values in most cases were 
greater in S^  soil than m S_ soil. The porosity of the soil 
from the S. site was higher than soil of the unpolluted 
site. The porosity of S- soil was 54.28% in comparison to 
43.24% of the soil from the unpolluted site. The porosity 
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of S2 soil was also slightly greater than of unpolluted 
site. The water holding capacity of the soil from S. was 
50.22% as compared to 35.49% of the soil of unpolluted 
Table 1 . Physico-chemical characteristics of the soil from 
the unpolluted site and the soils collected from 
the polluted sites (1/2 km and 2 km distance) 
in the vicinity of the Thermal Power Plant, 
Kasimpur. 
Soil characteristics Unpolluted 
site 
Polluted sites 
S^(1/2 km) 82(2 Km) 
physical 
Sand % 
Silt % 
Clay % 
Soil texture class 
Porosity % 
Water holding 
capacity % 
7 7 . 0 0 
1 4 . 5 0 
8 . 5 0 
7 4 . 2 5 
2 0 . 5 0 
5 . 2 5 
6 9 . 5 0 
21 . 5 0 
1 3 . 2 5 
loamy sand sandy loam sandy loam 
43.24 54.28 44.86 
35.49 5 0.22 34.23 
Chemical 
pH 7.7 6.8 7.1 
Conductivity (mhos/cm) 3.33 x 10" 5.66 x 10" 4.30 x 10" 
Cation exchange 
capacity (me) % 4.1 15.8 14.3 
Organic matter % 2.28 9.59 4.10 
Sulphate % 3.16 5.72 5.31 
Carbonate % 0.102 0.120 0.120 
Bicarbonate % 0.441 0.854 0.610 
site. The porosity of soil from S_ was, however, 34.23% 
Based on the proportions of soil particles, the soils of 
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the polluted sites were designated as sandyloam whereas 
the soil of the unpolluted site was categorized as loamy 
sand. The soil of the unpolluted site was m alkaline range 
while the S. soil was m acidic range. The soil from S-
was almost neutral. 
The conductivity was also greater in the soils 
obtained from the polluted sites. It was 5.66 x 10" mhos/cm 
at S. and 4.30 x 10~ mhos/cm at S_. The cation exchange 
capacity considerably higher m the soils from the polluted 
sites. It was 15.8 me at S. and 14.3 me at S_. 
The organic matter content of the soils, from polluted 
sites was greater than of the soil from the unpolluted site. 
It was 9.59% at S. and 4.10% at S^ m contrast to 2.28% of 
the soil from the unpolluted site. The carbonates and bicar-
bonates were greater m soil from polluted sites than m the soil 
of unpolluted site. Bicarbonate content of soil from S. 
was much greater than of soil from S^. 
Seed germination 
Seed germination of both chick-pea and lentil was 
inhibited in soils collected from the polluted sites (S-
and S-). The reduction m seed germination was greater in 
the soil from S- than S„ and the percent reduction m seed 
germination of chick-pea was 21 . 3 and 12.3 and of lentil 
19.8 and 10.5 in the soils from S. and S_ respectively. 
The soils from the polluted sites, in this respect were 
more inhibitory for chick-pea than lentil. The seedlings 
mortality after emergence was also greater m the soil from 
Table 2. Seed germination of chick-pea and lentil m the 
soils from the polluted sites and unpolluted site. 
Soil 
Germina-
tion 
% 
Chick-pea 
Reducti-
on over 
control 
% 
Seed-
ling 
morta-
lity 
Germin-
ation 
% 
Lenti 
Reduc-
tion 
over 
control 
1 
Seed-
ling 
morta 
lity 
Unpolluted 90 - 2 86 - 4 
site(con-
trol) 
Polluted 71 21.3 12 69 19.8 14 
sites 
S^(1/2 km) 
S2(2km^ 79 12.3 7 77 10.5 
the polluted sites. The effect was more m S^  soil. The 
mortality of seedlings after emergence was greater in lentil 
than chick-pea (Table 2). 
Juvenile hatching 
The juvenile hatching of M. incognita and M. ]avanica 
was suppressed in the soils from the polluted sites.This 
suppressive effect was greater m the S. soil than S„ soil 
and was also greater for M. incognita than M. -javanica. The 
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Table 3. Hatching of 3uveniles (J-,) of Meloidoqyne incognita 
and Meloidogyne javanica m the soils from the 
polluted sites and the unpolluted site. 
Soil M. incognita M, 
-] avanica 
Juveniles/ Reducation 
eggmass over con-
trol (%) 
Juveniles/ 
eggmass 
Reduction 
over cont-
rol (%) 
Unpolluted 
site 
(control) 
Polluted 
sites 
S^  (1/2 km) 
82(2 km) 
269 
1 24 
217 
53.90 
1 9.33 
256 
1 29 
212 
49.61 
17.19 
per cent reduction m hatching of the juveniles of M. incog-
nita was 53.90 and 19.33 and of M. j avanica 49.61 and 17.19 
in S. and S_ soils respectively (Table 3 ) . 
CHICK-PEA, Cicer arietinum L, 
Plant growth and yield 
Flyash polluted soil significantly promoted the plant 
growth of chick-pea (Table 4). The plant growth parameters 
(lengths, fresh and dry weights of shoot and root) increased 
m the polluted soils. Greater increase occurred in S^ soil 
than S- soil. The addition of Rhizobium increased the plant 
growth parameters m the unpolluted soil. The increase m 
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the growth parameters in the polluted soils was comparatively 
smaller than m the unpolluted soil. M. incognita retarded 
the plant growth and reduced the length, fresh and dry 
weights of shoot and root. The reductions were greater m 
the unpolluted soil than m the polluted soils. Along with 
Rhizobium, M. incognita caused less reduction in the growth 
parameters m all the three soils, M. j avanica also reduced 
the growth parameters. Reduction in shoot length was signi-
ficant at P = 0.05. But reductions in shoot and root weights 
were not significant. When M. j avanica and Rhizobium were 
together, plant growth (length, fresh and dry weights of 
shoot and root) was greater than m check (plant alone^ 
or than m M. javanica inoculated plants. The increases 
in growth parameters were more in the unpolluted soil than 
in the polluted soils in comparison to their respective 
checks (Table 4, Fig. 1A). 
The pollution of soil by flyash also affected the 
yield parameters (number of flowers and fruits) of chick-pea. 
Plants grown m the polluted soils showed greater flower-
ing and fruiting than those in unpolluted soil. Rhizobium 
also increased flowering and fruiting both m polluted and 
unpolluted soils. When compared to respective checks, incre-
ase m the unpolluted soil was, however, greater. Inoculation 
with M. incognita reduced the yield parameters. In the pre-
sence of Rhizobium, this reduction was comparatively less. 
The reductions caused by M. incognita in the presence or 
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absence of Rhizobium were greater in the unpolluted soil 
than the polluted soils (Table 4, Fig. 1 B) 
M. javanica also reduced the flowering and fruiting. 
M, ]avanica m the presence of Rhizobium, also caused rela-
tively less reduction, both m polluted or m unpolluted 
soils. These differences were, however, not significant 
(Table 4, Fig. IB). 
Root-knot disease and root nodulation 
M. incognita and M. javanica induced root galling 
and produced eggmasses on chick-pea. M. incognita was more 
pathogenic at the inoculum level used (1000 J_) than M. java-
nica , because gall formation and eggmass production were 
greater m M. incognita inoculated plants. Flyash polluted 
soil significantly affected the root galling and eggmass 
production. In general root galling was favoured and eggmass 
production was inhibited m polluted soils of both the sites. 
Enhancement of galling and inhibition of eggmasses were 
greater m polluted soil from S. than S^. This trend m 
effects of flyash polluted soil was same for M. incognita 
and M. javanica. Presence of Rhizobium adversely affected 
the root galling and eggmass production of both the species 
(Table 5). 
Root nodulation (number of nodules/root system) was 
significantly suppressed m polluted soils (Table 5). This 
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effect was greater m S^  soil than S^ soil. The number of 
functional and total nodules were suppressed in the polluted 
soils. In S soil, the suppression in the number of total 
nodules was significant only at P = 0.05. M. incognita and 
M. 3avanica both suppressed root nodulation. M. incognita 
was relatively more suppressive. Flyash polluted soils and 
nematode infections by both species, separately decreased 
the number of functional nodules. The suppression m nodula-
tion due to root-knot nematodes was greater m unpolluted 
soil than m polluted soils when compared with their respec-
tive checks. The nodules were also found infected with root-
knot nematodes. M. incognita caused greater infection of 
nodules than M. ]avanica. Number of root-knot nematode 
infected nodules, was greater in polluted soils (Table 5). 
Leaf pigments and seed proteins 
Leaf pigments 'chlorophyll a, chlorophyll b and total 
chlorophyll) and protein content (soluble and insoluble 
proteins) of seeds of plants grown m polluted soils were 
greater than plants grown m unpolluted soil. The increase 
in chlorophyll content was significant. Chlorophyll content 
was enhanced by inoculation v/ith Rhizobium. This increase 
was greater m unpolluted soil than polluted soils when 
compared with their respective checks. Both M. incognita 
and M. javanica reduced the chlorophyll content and reduc-
tion was greater m unpolluted soil than polluted soils. 
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When M^ incognita was together with Rhizobium, the reduction 
in chlorophyll content was smaller and was not significant. 
But M. javanica along with Rhizobium significantly increased 
the chlorophyll content. The changes in chlorophyll content 
due to the combined infections of root-knot nematodes and 
Rhizobium were greater in unpolluted soil than polluted 
soils (Table 5, Fig. 1C). 
Plants grown in flyash polluted soils contained 
more soluble and insoluble proteins in their seeds than 
plants grown in unpolluted soil (Table 5). This increase 
was greater in the S. soil than S_ soil. The increase in 
soluble protein in S_ soil was not significant while the 
increase in insoluble and total protein contents was signi-
ficant at P = 0.05. Protein content was increased by 
Rhizobium inoculation. The increase was greater in unpollut-
ed soil than polluted soils. M. incognita reduced the 
protein content while M. j avanica did not cause significant 
reduction. The reduction in protein content by root-knot 
nematodes were smaller in polluted soils than unpolluted 
soil. Protein content of seeds in plants inoculated with 
Rhizobium and either species of root-knot nematodes were 
greater than in plants inoculated with the nematode alone. 
This difference was, however, not significant. The increase 
in protein content with the addition of Rhizobium in 
nematode inoculated plants was smaller in polluted soils 
than unpolluted soil (Table 5, Fig. ID)-
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Leaf epidermal characters 
The different leaf epidermal characters considered 
m the study were affected by root-knot nematodes, Rhizobium 
and flyash polluted soil (Table 6), The number of stomata 
and trichome-hydathodes, size of stomata and stomatal 
aperture and the length of trichome-hydathodes were increas-
ed m the polluted soils. Effect of polluted soil from S. 
m these respects was greater than S_. Increase in the 
measurements of stomata and stomatal aperture and trichome-
hydathodes on lower surface m S_ soil was not significant. 
The increase of stomata and trichome-hydathodes on the 
upper surface were significant at P = 0.05. The size of 
stomatal aperture was, however, significant at P = 0.01. 
Bacterization of seeds with Rhizobium increased the number 
of stomata and trichome-hydathodes, size of stomata and 
stomatal aperture and the length of trichome-hydathodes 
m comparison to plants from non-bacterised seeds. The 
increase was greater m unpolluted soil than polluted soils. 
Both M. incognita and M. javanica reduced the number of 
stomata and trichome-hydathodes, size of stomata and 
stomatal aperture and the length of trichome hydathodes. 
The reductions caused by M. javanica in number of trichome-
hydathodes on upper surface and the length of trichome-
hydathodes "were significant only at P = 0.05. The suppress-
ion in the size of stomata caused by M. j avanica was not 
significant. In the presence of Rhizobium, the adverse 
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effects of M, incognita and M. javanica on epidermal charac-
ters were reduced. Rhizobium reduced the suppressive effect 
of M. incognita on stomatal counts on both surfaces of 
leaves. On the upper leaf surface, the difference was 
significant only at P = 0.05. Rhizobium, however, did not 
influence the adverse effects of M. incognita on size of 
stomata and trichome-hydathodes. The number of trichome-
hydathodes, however, increased on the upper leaf surface. 
Addition of Rhizobium with M. j avanica further reduced 
the adverse effects of the nematode and increased the 
epidermal parameters. Individual effects (positive or 
negative) of M. incognita and M. javanica or in combination 
with Rhizobium were greater in unpolluted soil than polluted 
soils (Table 6). 
In contrast to trichome-hydathodes, the number and 
length of trichomes were significantly decreased in the 
flyash polluted soils. This suppressive effect was greater 
in S. soil than in S^ soil (Table 6). Number and length 
of trichomes in Rhizobium inoculated plants were lower 
than plants from non-bacterized seeds. This effect was 
also smaller in polluted soils. 
Root-knot nematodes increased the number and length 
of trichomes. The increase in length of trichomes on lower 
surface was significant only at P = 0.05. M. incognita 
and M. j avanica together with Rhizobium suppressed trichome 
X 
o 
x; o 
o 
u 
a 
as 
O 
1 I 
0) 
•o 
3 
o 
c 
•w 
a 
CO 
• H 
O 
+> 
o 
<v 
• M 
<H 
01 
<tl 
> 
o 
s 
HI 
i-H 
3 
a 
2 
o 
a 
• p 
J^ 
^ 
a 
o 
(0 
•rt (< 
•P 
O 
a 
0) 
H 
3 
T3 
O 
c 
4-" 
O 
o Li 
•a 
c ffl 
to 
m 
•D 
o 
• p 
CO 
6 
01 
c 
+J 
o 
^ 
•M 
o 
o 
LI 
• a 
• CO
• I - ) 
^^\ C\J 
a i 
<s 4-> 
ffi 
S 
o 
• p 
n 
<H 
o 
«> N 
•H 
CO 
c ^ 
c;r 
CO 
o 
ON 
V£> 
ON 
CO 
- 9 -
o 
-3-
00 
U3 
K^ 
< CO 
Co 00 
•^ l A 
O ON 
3 § 
• • 
CO O 
C\J CM 
i n 
-3-
CO 
1^  
eg 
« 
ON 
- i n - * 
<f i n 
1 - '•O 
CD r A 
g \ i n 
o\ eg 
-J- \0 
CO i n 
CvJ T -
c 
o 
0 - 3 
T- O 
X^ CvJ 
c^ l A 
3 3 t - -3-O O 
^ a> S 
a 
cr> 
cr> 
CO 
o 
CO 
t<~i 
i n 
vo 
o 
00 
co \o 
l A t ^ 
O 
CO 
CO 
m 
3 S 
m c j 
00 ^ 
i r \ l o 
J - CO 
ij\ CO 
CO a\ 
en vo 
CD VO 
T -
t ^ CO 
•* <r 
m o 
(X) vO 
S 
CO cr> 
CO 
O W3 
Cft l O 
i n i n to o 
KN 
0\ 
•4 
VO 
CO 
o 
in 
CO 
5 
VO 
s 
t -
t^ 
c^ 
i n 
00 
r-
00 
m 
i n 
CTl 
in 
CO 
in 
CO in 
in 
i n 
s 
s 
« 
T- l O 
0\ CTv 
t ^ T-
VO 
§} 
o 
CO 
tA 
O 
O 
CO 
« 
CO 
•4- 1 -
c^ cn 
CO • * 
CO CO 
VO 
CO CO 
^ i n 
VO i n 
-* 
r-
r - VD 
t n T-
^ CO CD • ^ 
3 3 
r- O 
T- CO 
i n ("^ 
8 
O 
-4-
O 
fA 
VO O 
•4- CO 
i n 
<t - 3 -
R 
^ 
O CO 
T- O 
c o VO 
rev CO 
- * cr> 
VO JA 
VO CO 
t n CO 
VO T-
t ^ VO 
5 
-* -* 
^ 
VD CTl 
t~- VO 
N CO 00 
en 
vfl 
i n CO 
VO T-
i n 
VD 
KN SS 
CO t -
0\ VO 
VO 
E R ra 
CT\ 
VO 
CO 
Ov 
K 1 
CTv 
ON 
i n 
VO 
O 
o 
-4-
S^  
CO 
- 4 
CO 
CO 
CO " ^ 
to, &; 
IR 
CO CO to a\ 
VO 
CO 
• 
VO 
-4-
m 
'8 
VO 
S 
l A 
l A 
m 
• 
O 
VO 
CO 
i n 
CTi O 
CO T-
^ - 3 -
t s . CO 
l A 
m 
S vO 
VO v 2 
:3; f^ 
0% t -
cg 
CO 
^ ^ 
-4 
CO 
l A 
lA 
fA 
- 4 
CO 
g 
s 
CO 
i n 
(r\ 
r^ 
vi) 
CO 
o 
(*> i n 
lA 
CO 
en 
tTi 
-4 
CO 
O VO 
CO l A l A 
00 
- 4 
CO 
So 3 
o -» 
-3 - l A 
CO 
O 
CO 
CO 
l A C~ 
l A CO 
»- o 
f ^ lA 
CO r-
VD 
CO 
• J - CO 
a > CO 
t - - CO 
CO VO 
CO T -
< t CVJ 
CD -4-
r- ON 
-a- CO 
C - i n 
CO T-
VO T -
m T-
O VO 
VO fA 
r- CO 
^ 
CO m 
• 4 CO 
O 
- 4 
O 
tA 
s 
O CO 
i n 
- 4 
CO 
^ 3 
0 \ »A 
lA -4-
C O • < -
I ^  
l A CO 
CO T -
3 
co 
CO 
iD 
(A 
l A 
»• 
M 
I 
H J 3 
+ 
• • 
CO t - -
c n l A 
^ t A 
8 
3i 3 
C\J KS 
Q l 
col o 
• I • 
HJI O 
CO VO 
O t -
VO l A 
•4- rA 
CO f A 
t - - CO 
® 
co 
lA 
VO 
VD 
en 
CO 
^ 
CO 
o 
CO 
CO 
•4 -
10 
CO 
-4 
VO M c n tA 
CO lA r - CO 
C - 00 
l A O 
T- l A 
CO CO 
o t ^ 
• (\l 
-* VO
o 
-* 
• m 
^ 
VO 
•4-
• 00 
VO 
^ 
l A 
o 
• 
•^  T -
m 
-J-
-^
• 0:1 
tA 
l A 
CO 
en 
• 0 
CO 
i n 
3 
-4-
cvl 
• T~ 
r^ 
-4-
CO 
tu 
• VO 
<r 
- 4 
VO 
- 4 
• fi^ 
- 4 
. J 
T -
C7N 
« VO 
1^  
t--
lA 
• 
^ 
lA 
Jft 
• T -
00 
l A 
D 
01 
0 
(0 
3 
0} 
L I 
0) 
0 , 
n 
3 
^ 01 
0 
ID 
LI 
U 
OJ 
» 3 
a 
- I 
01 
(0 
0 
•H 
M 
0 , 
01 
L. 
> 
•H 
<M 
<H 
0 
R 
m 
S 
• H 
<U 
3 
H 
m 
> 
0 
isa 
l A 
O 
299 
% 
c 
•H 
c 
O 
O 
lU 
H 
e 
m 
? o {-] • 
• o 
CO 
• 
•"-^  • 
1 " M 
0 CO 
o 
• H 
t , 
• P 
<H 
o oT 
•p 
M 
C 
• 
1 
CO 
J 
i n 
o • 
o 
o 
• o 
£3 
0 
• ^ CNJ 
to CO 
<1> 
E 
o 
x: 
o 
• H 
•P ^ 
o 
• 
0 
K U 
1 , 
"-^ Q 
s !^ 
? -• 
x^ 
m 
o 
• o 
T— 
o 
• S ° 
"?, j ^ 
§ 
o 
(-t 
O 
SI 
5 
''e o-O Q 
^ • ( 0 CO 
S X 
% -• 
J3 
+J 
s 
• o 
T -
D 
• O 
(0 
J2 
o 
•H 
Li 
•U T-
cn 
o 
• o 
u 
4-> 
c 
a) 
+J 
ra 
S 
1 CO ^ 
• • I - K^ 
T- T-
^ O 
t ^ <T\ 
V- ^— 
f - CO 
lA a^ 
• • 
t-- f -
i n r j 
• • cr\ \o 
O CT^ 
f^ CM 
lA i n 
(M f -
fA K> 
r- a> 
CO (\j 
• • 
cri 35 
O y3 
^^ K^ 
CM Oi 
<r ch 
T -
o ^ 
S i^  
C\J T -
ITv C\J 
M^ , -
• • CO -a-
K> O 
N <f 
eg T-
i n (Ni 
C^ T" 
T- 0\ 
t ^ r\j 
• • -3- i f l 
(NJ T-
• • K-\ K^
m c\j 
\o c^  
C^ r-
• • 
~T (M 
<»• -J-
rg ya 
o\ i r \ 
• • f - lA 
3 :$ 
<o «\ 
i n T-
(\J O 
t ^ i n 
CO fSJ 
m a^ 
Csl T -
N-\ , -
t^ o 
• • 
r n (M 
CO N . 
O i O 
lO O 
cji i n 
f n CD 
in ra 
^ 3 
^^  <r 
CA O 
t n <r 
U3 <f 
^ D 
H 
O 
U 
-P 
o 
o«3 
3 
• en 
f n 
T -
CX\ 
1J3 
• 
t n 
cv 
a\ 
VO 
• to 
m C\J 
•0 
CO 
f\j 
C\J 
t n 
• <5' 
i n 
CO 
8 
T -
CO 
r-
C\J 
-* 
* T -
s T -
CO 
i n 
i n 
t -
-* 
PJ 
« CTv 
T -
CA 
C^ 
• r-C\J 
m 
-* 
cS 
i n 
CO 
o 
• »n 
t--
i n 
OJ 
CSl 
(NJ 
y j 
i n 
cri 
o 
o lA 
CO 
t--
m 
<J-
T -
ON 
CM 
^ VD 
<r 
o i n 
C\J 
O 
^ 
o 
r-
HJ 
§ 
I 
i n 
• t ^ 
f n 
o 
T -
i n 
CM 
• 
C\J 
\D 
<t 
• 
-4-
CM 
CM 
o (n 
CM 
(NJ 
t-~ 
• 
•J-
T -
"Xl 
f n 
vO 
VD 
^ 5 
(TV 
f n 
t -
• T -
yD 
0^ 
CM 
§ 
CTv 
VO 
N 
• i n 
*^ 
m 
CTl 
• CM 
(M 
f n 
o 
« 
i n 
i n 
T-
00 
• yD 
I D 
m 
iXI 
t ^ 
i n 
-3-
i n 
i n 
N 
r-
- J 
-* t ^ 
• o \D 
m 
CO 
vo 
o 
a\ f n 
ON 
M3 
r* 
CO 
CM 
O 
T -
D 
CM 
• m 
-^
t n 
en 
T -
l£> 
• 
o 
i n 
f n 
o 
r -
• m KN 
t n 
o 
o 
N 
f n 
^ 
• CM
O 
t ^ 
t--
ON 
^ T— 
i n 
i n 
CM 
K~l 
c~-
m 
• en K^ 
o (A 
9. 
NO 
i n 
i n 
K \ 
S 
• CM
CNJ 
CM 
m 
• en 
KN 
ND 
CM 
• 
CJ\ 
KN 
m 
CO 
• t ^ 
CM 
• * 
CM 
CM 
i n 
!n 
T -
r— 
t ^ 
C\J 
s 
• CTN 
rn 
8 
OD 
J -
i n 
t--
K~ 
(NJ 
cn i n 
< f 
CO 
& 
<f 
• J 
g 
i 
CM 
NO 
• 
-* 
—^ 
(Nl 
T-
cg 
cn 
• 
CNJ 
o 
cn 
• i n 
CNJ 
m 
KN 
cn 
8 
K^ 
cS 
• o 
e^  
cn 
NO 
o 
N 
&; 
NO 
S 
T -
S 
• CNJ
3 
T-
o (n 
o CM 
CO 
< f 
• CO 
T— 
s 
• NO 
(Nl 
• $ 
9 
s f n 
i n 
00 
• C--
o 
-* 
CM 
-4-
i n 
CM 
i n 
CM 
CM 
ND 
t ^ 
• CM 
m 
NO 
s 
T -
CO 
KN 
-3-
t ^ 
S 
m 
o 
a! 
• o 
<— 
m 
T -
3 
• 
CM 
CO 
C^ 
• CM 
<7N 
CM 
O 
^ 
-3-
• NN
(n 
8 
i n 
K^ 
^ 
fA 
;?; CM 
&; 
• CM
fA 
-» CM 
h -
^ 
^ 
vo CM 
t ^ 
t--
• 
» 
cn 
<r 
• f^  
m 
CO 
• 
i n 
-s-
r" 
U} 
• O 
t-~ 
-d-
T -
m 
"S 
-* 
S5 
f?^  
^ 
• 01 
^ 
s 
1 ^ 
T -
m 
f n 
cn 
t ^ 
8 
CM 
t>-
>A 
2 
+ & 
I 
00 
t o 
• CNJ
t— 
o 
oo 
X-
i n 
O 
ON 
CM 
O 
NO 
« K-\ 
cn CM 
s 
(NJ 
CM 
»n 
cn 
• m 
lO 
-cj-
cn 
T -
cn 
^ 
m 
^ 
T -
i n 
-3-
• m CD 
CNI 
T -
s 
R 
-* r-
i n 
m 
• t--
T— 
< f 
CM 
• 
a 
i n 
< t 
• 00 
< f 
a\ 
-^
• NO 
i n 
-* 
m 
r~ 
CO 
(NJ 
en 
WN 
o CM 
r-y j 
• cn CM 
-4-
1 
-J-
t ^ 
m i n 
NO 
CNJ 
h -
CM 
NO 
S 
X-
• rA 
T -
i n 
ON 
T -
CT\ 
• 
< » • 
CM 
• T -
K-) 
m 
NO 
o 
5 
t n 
• 00 
cn 
cri 
m 
ro 
J -
r-
O 
C7N 
t~ 
i n 
m 
O 
• 
^ 
cn (NJ 
Si 
rn l A 
NO 
i n 
« T -
CM 
h -
f n 
• T * 
m 
o 
i n 
* CO 
o 
-» 
r-
T -
• lO 
i n 
-* 
S 
<Ni 
CM 
• 
'^ T— 
s 
m 
CM 
CO 
• 
i n 
m 
m 
cn 
« CM 
CM 
m 
s 
6 
m 
en 
m 
• <f 
c^  
i n 
CM 
CO 
O 
T -
NO 
T -
i n 
CM 
t ^ 
i n 
• CO 
i n 
i n 
r -
NO 
i n 
CM 
cn T -
m 
T -
« o CM 
en 
CVJ 
• O l 
CM 
OO 
t -
• 
en 
m 
o 
< t 
• en 
—^ 
-* 
00 
o 
^ ^ 
m 
CO 
CM 
(NJ 
(M 
(M 
• m 
m 
& 
^ 
cn i n 
X— 
i n 
NO 
m 
o 
CM 
i n 
m 
-) 
S 
I 
t ^ 
T -
i n 
CM 
(NI 
NO 
• NO 
m 
CO 
NO 
3 
CD 
NO 
CM 
<^  
-* 
s 
o 
D 
l A 
• 00 
^ 
CM 
T -
00 
m 
• o 
CO 
CM 
T -
r-
• CO
F^  
cn 
CM 
• $ 
CM 
3 
• m t ^ 
m 
<r 
& 
T— 
NO 
m 
'Xl 
as 
CM 
CM 
r^  
NO 
• NO 
m CM 
CNJ 
00 
CM 
ON 
CNJ 
CM 
SP 03 
• o (NJ 
m 
m 
• o i n 
y ) 
en 
• cn 
00 
-3-
m 
i n 
• CO 
X-
l A 
•* 
CM 
CO 
- 3 -
CO 
-d-
cn CM 
cn CO 
• (NJ 
-4-
vn 
cn 
i n 
cn 
T -
m 
cn 
en NO 
NO 
eJ 
S 
+ 
s I 
0\ 
^ T -
r* 
CNJ 
\£\ 
i n 
« o 
(M 
c^  
NiD 
• s CM 
CM O 
i n 
CD 
CM 
s 
• T— 
C^ 
00 
i n 
<f 
o 
r-
R^  
m 
\0 
T -
T -
o 
• NO 
^ r-
T -
CNJ 
CM 
T -
CM 
yo 
• CO 
X -
cn 
o 
» 
-^CvJ 
cn 
CM 
• i n 
-* 
en 
-* 
• NO 
00 
-* 
Nfl 
i n 
s 
m 
r-
T" 
CM 
T * 
NO 
• T * 
l O 
NO 
cO 
cn 
m 
m 
r-
t ^ 
-^  T*
CM 
03 
t ^ 
n? 
i n 
• 
CM 
CO 
i n 
• CM 
m 
r* 
CM 
• o 
^3 
^ 
• T~ 
m 
S ^ 
m 
m 
CM 
CO 
CM 
t ^ 
• 8 
T -
8 
T -
t--
NO 
• 3 
en 
m 
• CM
^ 
KN 
i n 
o 
-3-
00 
NO 
cn 
o T— 
i n 
t— 
r-
i n 
-3-
S; 
^ 
a\ 
col 5 
•Jl o 
m 
m 
(NJ 
m 
ON 
^ 
* m y j 
T -
-3-
T -
NO 
t ^ 
• 
-3-
s 
• NO 
•J-
OO 
i n 
J -
S 
fe 
C--
CM 
O 
<n 
3 
^ 
cn 
• ON 
cn 
CO 
• in 
CM 
NO 
CM 
r»j 
(NJ 
00 
m 
m 
r -
T -
i n 
• CM 
m T * 
i n 
CM 
T— 
i n 
N 
• CM 
m 
CO 
o 
• T— 
m 
CM 
t--
cn 
« 
o 
ON 
i n 
•$> 
i n 
-3-
-) 
i n 
O 
• 
o 
CO 
• 
ON 
CM 
t~-
O 
• m 
CM 
t -
-3-
CNl 
s 
1— 
^ 
a\ 
a^  
t -
r~ 
S 
« 
T -
(NJ 
O 
i n 
m 
t ^ 
T -
• 
^ 
en 
OO 
^ 
cn 
CM 
NO 
CM 
CO 
m NO 
cn T -
NO 
NO 
O 
1 
01 
n ^ (B n) 
<H O 
U -H 
5 a 
o 
u t, 
01 
p. (U 
& 5 
s o 
- c 
01 CO 
O I 
Id e 
<H 
t . 10 
3 -H 
U 3 
% ^ 
a ^ x: 
u o 
^ a 
300 
301 
length and count. The reduction in the length due to 
M. incognita and Rhizobium was significant only at P = 0.05. 
The effects of M. incognita and M. javanica alone and in 
combination with Rhizobium were greater m the unpolluted 
soil than polluted soils m comparison to their respective 
checks. 
LENTIL, Lens culinaris Medic. 
Plant growth and yield 
Plant growth of lentil increased in the flyash 
polluted soils of both the sites. The growth was relatively 
better in S. soil than S_ soil. Increase m length and 
fresh weight of shoot and root were significant m S^  and 
S_ soils while the increase in dry weights of shoot and 
root was significant at P = 0.05 m S_ soil and at P = 0.01 
in S, soil. Rhizobium inoculation improved all the growth 
parameters and this influence was relatively greater in 
unpolluted soil than polluted soils. M. incognita and 
M. Javanica caused reductions m plant growth. The reduc-
tions were relatively greater m unpolluted soil. 
M. incognita was more inhibitory than M. javanica. Reduction 
in root length by M. javanica was, however, not significant 
and the reduction in the dry weights of shoot and root 
was significant only at P = 0.05. M. incognita together 
with Rhizobium also decreased the shoot length (P = 0.01) 
and root length (at P = 0.05^. A non-significant decrease 
in fresh weights and a slight increase m dry weights of 
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root and shoot were recorded. The increase m dry weight 
of shoot was not significant but increase in root dry 
weight was significant at P = 0.05. M. javanica alongwith 
Rhizobium increased all the growth parameters except shoot 
length (Table 7, ?ig. 2h). 
The yield parameters (flowers and fruits/plant) 
were increased significantly m the flyash polluted soils. 
The increase m number of flowers and fruits was greater 
in S^  soil than S^ soil. Rhizobium inoculation also increas-
ed the yield parameters and the increase was relatively 
greater m unpolluted soil than polluted soils. M. incognita 
and M. javanica adversely affected the flowering and 
fruiting. The reduction caused by M. ]avanica was signi-
ficant only at P = 0.05. Rhizobium even in the presence 
of M. incognita or M. ]avanica increased the yield para-
meters. This increase with M. incognita was not significant 
and with M. lavanica at P = 0.01. These effects of 
M. incognita and M. ]avanica alone or in combination with 
Rhizobium, were suppressed m polluted soil, being least 
m polluted soil of S2 (Table 7, Fig. 2B). 
Root-knot disease and root nodulation 
M. incognita and M. javanica, both caused galling 
and reproduced on lentil but the root galling and eggmass 
production of M. incognita was greater than M. javanica. 
Root galling and eggmass production were inhibited 
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significantly m the polluted soils. In the presence of 
Rhizobium, less number of galls and eggmasses developed. 
This impact of Rhizobium was smaller m the polluted soils 
than unpolluted soil (Table 8). 
Root nodulation by Rhizobium was significantly 
inhibited m the flyash polluted soils. The inhibition 
of root nooulation and death of nodules was greater m S^  
soil than S_ soil. Both M. incognita and M. javanica 
inhibited the nodulation and the number of functional 
nodules, consequently, number of non-functional nodules 
increased. The number of functional nodules in the presence 
of M. incognita or M. -) avanica was less in the polluted 
soils than in unpolluted soil. The infection of bacterial 
nodules by root-knot nematodes was promoted by the polluted 
soils (Table 8). 
Leaf pigments and seed proteins 
Leaf pigment and seed protein contents were signifi-
cantly increased m flyash polluted soils. The increase 
m soluble protein content in S- soil was, however, 
significant only at P = 0.05. The chlorophyll and protein 
contents were also greater m the plants inoculated with 
Rhizobium than plants without Rhizobium. Both M. incognita 
and M. :iavanica acting alone reduced the chlorophyll and 
protein contents. Reduction m chlorophyll a and total 
chlorophyll caused by M. javanica was significant only 
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at p = 0.05. Reductions an soluble and total proteins caused 
by M. incognita were significant only at P = 0.05. 
M. Javanica, however, caused significant reduction 
(at P - 0.05) of only insoluble protein, M. incognita 
together with Rhizobium increased the chlorophyll a 
(at P = 0.05) and chlorophyll b and total chlorophyll 
(at p = 0.01 ). The increase in protein content obtained 
with inoculation of M. incognita and Rhizobium was not 
significant. M. ] avanica along with Rhizobium increased 
the chlorophyll and protein contents (at P = 0.05). The 
increase m soluble protein only was significant at P = 0.01. 
M. incognita and M. ]avanica acting alone reduced chloro-
phyll and protein contents. When combined with Rhizobium 
the reductions caused by the nematodes were comparatebly 
smaller. The effects of root-knot nematodes alone or with 
Rhizobium were less m polluted soils (Table 8, Figs. 2C 
and 2D). 
Leaf epidermal characters 
The number and size of stomata and size of stomatal 
aperture were variously influenced in the flyash polluted 
soils of both the sites. The influences were greater in 
S. soil than m S_ soil. All the epidermal characters were 
significantly affected m S. soil. In S_ soil, increase 
in the number and size of stomata recorded on the lower 
surface was not significant. But on the upper surface 
the increase was significant at P ::: 0.05. The size of 
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stomatal aperture increased significantly on lower surface' 
(at P = 0.05) and on upper surface (at P = 0.01). Rhizobium 
increased the number and size of stomata and size of 
stomatal aperture. The increase in the size of stomatal 
aperture on the lower surface was significant only at 
P = 0.05. M. incognita and M. j avanica individually caused 
reduction in the number and size of stomata and size of 
stomatal aperture (Table 9). These decreasing effects of 
root-knot nematodes was reduced by the presence of 
Rhizobium. M. incognita and Rhizobium together decreased 
the number and size of stomata and size of stomatal aperture 
in comparison to check. This reduction in number of stomata 
on the upper surface was not significant. The reduction 
in the size of stomatal aperture on the upper surface was 
significant at P = 0.05. M. j avanica in the presence of 
Rhizobium increased stomatal count non-significantly. But 
decrease in the size of stomata and stomatal aperture 
occurred in comparison to check. These effects of 
M. incognita and M. javanica alone and in combination with 
Rhizobium were greater in unpolluted soil (Table 9^. 
Number and length of trichomes were significantly 
decreased in the polluted soils. The reduction in the number 
of trichomes on upper surface was significant only at 
P = 0.05. The number and length of trichomes on the leaves 
of plants with bacterial nodulation were smaller. 
M. incognita and M. javanica individually increased the 
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number of trichomes. M. incognita increased the length of 
trichomes on lower (at P = 0.05) and upper(at P=0.01) surfaces. 
Increase m length of trichomes due to M. javanica was not 
significant on the lower surface. But it was significant 
(at P = 0.05) on the upper surface. Along with Rhizobium, 
M. incognita did not significantly decrease the number and 
length of trichomes except the length, on upper leaf surface 
(significant at P = 0.05). M. javanica; even in the presence 
of Rhizobium,on the other hand, caused significant reduction 
m number and length of trichomes. These effects were greater 
in unpolluted soil than polluted soils (Table 9), 
f^saz-t 13 - FLYASH AMENDED SOIL 
Seed germination 
Seed germination of both chick-pea and lentil was 
adversely affected m the soil artificially amended with 
flyash. The reduction was correlated with flyash content 
of the soil. The reduction m seed germination of chick-pea 
and lentil was 5.56% and 2.33% at 10% flyash level. Stepwise 
greater reduction occurred with the increasing level of flyash 
in soil and at 80% flyash level per cent reduction was 61.11 
m chick-pea and 55.81 m lentil. Seed germination of chick-
pea was relatively more suppressed in flyash amended soils 
than lentil. The per cent germination observed at 80 to 100% 
flyash levels was more or less same for both the crops 
(Table 10). 
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The survival of seedlings after emergence was also 
influenced by the flyash content of the soil. The seedling 
mortality showed stepwise increase upto 60% flyash level. 
Then after, it decreased marginally and remained almost 
same m 80-100% flyash levels. The seedling mortality was 
greater in lentil than chick-pea (Table 10). 
Table 10. Seed germination of chick-pea and lentil in flyash 
amended soils. 
Fly£ 
leve 
m i 
(%) 
0 0 
i s h 
5l 
s o i l 
v / v 
( c o n t r o l ) 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
C h i c k - p 
Seed Reduct i -
germi- on over 
n a t i o n con t ro l 
% 
90 
85 
77 
74 
70 
61 
52 
44 
35 
35 
34 
% 
5 . 5 6 
1 4 . 4 4 
1 7 . 7 8 
2 2 . 2 2 
3 2 . 2 2 
4 2 . 2 2 
51 .1 1 
61 .1 1 
61 .11 
6 2 . 2 2 
l e a 
Seedl ing 
m o r t a l i t y 
% 
2 
1 
4 
8 
1 1 
1 5 
18 
1 2 
10 
9 
9 
S e e d 
germi-
n a t i o n 
% 
86 
84 
79 
76 
71 
65 
56 
48 
38 
37 
37 
L e n t i l 
Reduction 
over 
con t ro l 
% 
2 . 3 3 
8 .1 4 
11 . 6 3 
1 7 .44 
2 4 . 4 2 
3 4 . 8 8 
4 4 . 1 9 
5 5 . 8 1 
5 6 . 9 8 
5 6 . 9 8 
Seedl ing 
m o r t a l i t y 
% 
4 
5 
7 
1 1 
1 4 
18 
21 
19 
1 3 
13 
12 
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Juvenile hatching 
The hatching of juveniles (J^) of both M. incognita 
and M. javanica was inhibited by the flyash amended soil. 
The number of hatched juveniles showed stepwise decrease 
with the increasing level of flyash. The juveniles of 
M. incognita failed to hatch out in the soil having 80% 
Table 11. Hatching of juveniles (J„) of Meloidogyne 
incognita and Meloidogyne javanica in flyash 
amended soils. 
Flyash M. incognita M. j avanica 
level in 
soil(v/v) Juveniles/ Reduction Juveniles / Reduction 
eggmass over control eggmass over control 
( % ) (%) (%) 
00 ( 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
of 
control) 
flyash. 
269 
237 
206 
1 47 
1 18 
1 06 
92 
76 
00 
00 
00 
For M. 
1 1 .90 
23.42 
45.35 
56.13 
60.59 
65.80 
71 .75 
100.00 
100.00 
100.00 
javanica, complete 
256 
231 
197 
138 
126 
1 18 
102 
90 
31 
00 
00 
inhibition 
9.77 
23.05 
46.09 
50.78 
53.91 
60.16 
64.84 
87.89 
100.00 
100.00 
of juvenile 
hatching occurred at 90% flyash level. At 70% flyash level, 
the reduction in juvenile hatching of M. incognita and 
M. j avanica was 71.75 and 64.84% respectively. At 80%, 
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the reduction in ]uveinle hatching of M. javanica was 87.89%, 
The inhibition in the hatching of juvenile of M. incognita 
was greater that M. javanica (Table 11). 
CHICK-PEA, Cicer arietinum L. 
Plant growth and yield 
Rhizobium, M. incognita and M. javanica m the 
control (unpolluted) soil affected the plant growth para-
meters (length, fresh and dry weights of shoot and root) 
and yield characters (number of flowers and fruits/plant) 
variously. The pattern m individual effects of Rhizobium, 
M. incognita and M. j avanica was same as given m Part 
A of this section. The growth parameters of the plant 
(without any association) showed stepwise increase with 
the increasing level of flyash in the soil from 10% upto 
50% but the increase in plant growth and yield parameters 
showed an abrupt decline at 60% flyash level. The increase 
in length of root was not significant at 60% while for 
all other growth and yield parameters, the increase was 
significant. At 70%, all the parameters exhibited decrease 
except shoot length which was not significantly greater 
than control soil. The decreases in root length, shoot 
dry weight and number of flowers were significant at 
P = 0.01 but decreases in fresh weight of shoot and dry 
weight of root were significant at P = 0.05. The decreases 
in fresh weight of root and number of flowers were not 
significant. All these growth and yield parameters again 
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The root nodulation was suppressed by both 
M. incognita and M. javanica. M. incognita was more 
suppressive. Flyash also suppressed root nodulation. It 
exhibited stepwise decrease upto 70% flyash level. No 
nodulatio n occurred in 80-100% flyash levels. The number 
of functional nodules also declined with the increasing 
level of flyash. The decrease in the number of nodules 
caused by the root-knot nematodes was loss in the flyash 
amended soil and was related with the level of flyash. 
In control soil, root nodule infection by root-knot nematode 
was greater in M. incognita inoculated plants than in plants 
inoculated with M. javanica. The number of infected nodules 
by both M. incognita and M. j avanica increased upto 40% 
flyash level but gradually decreased at 50% and 60% flyash 
levels. At 60% flyash level, the number of nodules infected 
with M. incognita decreased but the number of nodules infec-
ted with M. j avanica was greater than in unpolluted (control' 
soil and was even greater than the number of nodules infec-
ted with M. incognita at the same level of flyash. The 
infection of root nodules was completely checked at 70% 
and higher levels of flyash (Table 14). 
Leaf pigments and seed proteins 
The leaf pigments (chlorophyll a, chlorophyll b 
and total chlorophyll) and seed proteins (soluble and inso-
luble ) were affected by Rhizobium, M. incognita and M. 
a 
« 
o 
o 
o 
ln^< (^\l irvfooo t-ir\.* cjcorg inoocrv t o o o 
gSS &&;: &&?; &«? «&?! SS; : 
« • • • • • • • • • • • • • « • « • 
ooo ooo ooo ooo ooo ooo 
^ j f i T i QCDOO ( A Q V O ' ^ T - V Q fc--*'^ ^ Q t ^ 
& c p (M oq\tr\ 2\Ovo OTOMO O O O N opw^ O T- T - O T - O T ~ T - O O r- O T-r - O O T -
o o o o o o o o o o o o o o o o o o 
321 
I 
X o 
•H 
x: 
o 
•H o 
10 
o 
8 
g 
CMKN^ D t^ ONOO v n t - O MK^vD K^C^0O K\KNviJ 
K^oio -a-vb(o -s-t^^f -^OKS -*>bKS l o o t o 
- S - ^ O i >P^S 
o o o o o o o o o 
^ ^ c r » ^ K S ( J \ ^ < » - < T > 
• • • • • • - - -
o o o o o o 
ovffloo C--VO-* « - o c j (Qt-y? cr\cpoo c o t - ^ 
- J - O - J - * 0 J - tr\r-ir\ - * 0 5 - J O ^ • ' • P J ' 
<t-*CT\ ^ ^ C S ^ ^ r o v -*-4CT> - S - ^ ( 7 \ -»-3-CN 
• •• ••• ••• » • • ••• ••• 
O O O O O O O O O O O O O O O O O O 
o o o O O O 
• • • • • » 
O O O o o o 
ooo ooo 
• « • • • • 
ooo 
ooo
a o o 
I 
_ <^!Olf) l f \ S r - KMfiOO E^lDlfl ' ' J ' ^ lOvO 00 
Q »oibfJ IO8K-» toajcsj foibN fofflrij lOiSSci 
O O ^ O O r - O O r - O O T- O O T- O O >r-
• • • • • « 
OOO o o o 
o o 
O^ I A Q < ^ Cn-J-O C^2l?> CO-*Q T - ' O C - O K ~ I Q 
p j i o r A O ^ c\Jt--«^ U ) Q Q T-iO*5 y j o f r i t - v o i n 
VO-* t-uSlTv kOlAlO VOVO-I ^OlAni VOVQK^ O O T -f- -VO  
• « • • « 
o o T- o o 
• « 
O O r -
« • 
O O T- • • • 
o o ' - OO' 
o K~i T- \o in 
- o o o 
• • • • • • 
o o o o o o 
u 
(V 
o 
ID 
d 
4J 
O 
O 
LI 
n 
s 
n 
o 
? 
•p 
o 
a f 
+> 
o 
o 
LI 
o. o 
LI o 
H 
o 
-3-
t--a-'<~> ir\-*ifv -* into '"S'^o ' - inw w o - j 
-a-?^'^ t~<S<S CrOvjt NKSm vbf-K) minKS 0&iC\J hJT-vO COt^O 0<T\T- (TiWO T-0<J-
T-orvj T-r-rg O O T - T - O rg o O tvJ r-i-c\j 
iri^vo vf)vOT- c^ -d-t"- mt-vo ONt^t- CO CM s o 
mini's o'lvovo r-SSro ininvB lOJ^cn W T - Q 
•f-o-* S-KS'n (yvcooi »-o<F OCST- fO<\ico 
T-t - tM «-T-K^ O O T - T - T " { M T ' O t M t - r - < \ 1 
t ^ j f r - mKM\j cMt~-\o T-cou> v o r o i n ^ Q c o 
ONCOS NT-VD NVD 3 cr>coa\ oot^N O O ^ N 
• • • • • • • > 
O O « - T - T - r j O O T -
O O T - * • • • • 
O O T - T - O rvj 
^ 
V D ^ T- m y 
00 T-vD <7^ C 
r~c^vo o c 
• • • • • • 
O O T - » - 0 PO 
t - T - O 
00 K \ ^ 
mm w 
• • • » V • 
O O »- O O r-
ln''^^- oivom O h - < 
t - O K N t - .T- iO CJK>^ 
t--C~-vo v o v o - * O^C0(J^ 
• • • • • * • • • 
O O T - O O T -
T-T- T- o o T -
• * • • • • 
o o o o o o 
o o v o t-t-f^ 
T- T- T - O O T -
• • • • • • 
o o o o o o 
• • • • • • 
OOO o o o 
o o m - * t^cvjcp 
• • • • • « 
o o o o o o 
o 
01 
•o 
<u 
•o a 
HI 
a 
(0 
x; o 
IS 
m 
-P 
o 
VH 
<H 
(V 
> 
e 
5 
O 
o L< 
o 
o 
8 
rjm-j goa\(M T-<t o coo T-
c^ vo m o\(j\T-
• • • • • • 
O O T - o o PJ 
^ l A N . c^''^^^ T - p j t - f ~ o 00 
c\Jt~-0 0^'Of^ T'0?P. !OVPl^  
m < n - vena-* 
• • • V • • 
O O T - O O T-
>auSCM O0t^t>. 
• • • • « • 
O O «- O O T-
VJDCf^6^ ' k O T - p © I " t^T-N infc-cj c n - J * voONO* y5T 0 ©T^VO 
'^\OJt oiooo ^ ^ O ^omK^ mm^i t^c--i^ 
• « • • • • • • u • • • • • • • • • 
O O T - 0004 00»- O O T - O O'^ O O T-
T-T-ro K^COT- t~-cam fMa>in 
vom"^ oitoch <»-<j-CT> vomrg 
• • • • • • • • • • « • 
O O T - O O T - O O O O O T -
o o < 
r-vom 
• • • 
O O T -
^cqe-( «<«H -^men -oiffis-" -aimH •<<me-i 
&&P gigs 
• t • • • * 
o o o o o o 
cri 
• • • • • • 
o o o o o o 
Q C^sC • * cvj CO 
• • • • • • 
o o o o o o 
< m t-i < W H 
H 
x: 
o 
H 
43 
o 
II B 
•H 
r-l « 
< s 
«l 
+> 
c 
a) 
^ 0. 
ig 
i 
+ + 
!g • I T-col o 
•I • 
- ) | O 
o 
s. 
•a 
01 
m 
<H 
o 
+> 
a 
0) 
c 
o 
o 
o 
a 
c 
o 
HI 
o 
(1) 
c 
o 
o 
u 
•a 
a 
tn 
0) 
T3 
O 
O 
I 
o 
o 
T3 
•o 
c 
B 
CD 
CO 
O 
0) 
^ 
3 
m 
o 
a 
o 
o 
8 
o 
§ 
o 
o 
O 
o 
o 
-3-
^ 
o 
1-1 
o 
u 
C 
o 
o 
8 
• p 
c 
I 
-Jt-c 
• • • 
Sf^ 5S •*irv •^s^ 
ooo ooo ooo ooo ooo ooo 
CNJCTvCO cgovcvi » - inc j rvJiniTi I A O N ^ 
- T t ^ o ifMAcn i r \ t ^ t - i r \Nc\ i 
o o 1 
CO < M O 
Cr>C\J(M 
T-CM 
O O ' 
« • • 
r - CNJ 
O O T-
oooco 
CTltMCvl 
o o o o o • 
<J>3vD a^ 
Cr. CM M 
CM 00 
a > CMc\J 
OO C M O 
• • • 
T-C\ i 
S C\JC\) O - ' 
: « 
voco<t 
T- t - f\J 
00 w o 
:a : » 
ocooo 
vOCTMA 
• • • 
* p - i t O 
a \ r jcM 
T - ^ O O O 
OCNJCNJ 
inCOro 
T - i r \ t^ 
^SiJ 
• • • »- i n t ^ 
v O - T O 
m O M A 
• • • 
COvfl-J-
t~c\JO 
• • • r - y j O O 
CM OOO 
• • • 
t -VOCO 
T- T- C\J 
CMUJOO 
V 0 - 4 - O 
• • • 
CMt^CTi 
T - » - CM 
( B C M O 
T - T - C M 
« • • 
CMVOCO 
T - T - CM 
S - * CM 
• * • 
T-M3 5--
to C M O 
CMVOOO 
T- T- CM 
S CpvO - * ^ Q i J J C O ^ tn <r CM v £ ) W C p CMQCM 
o r ~ v o i o o < r t ^ w a 5 ' - o IACT<^ CM i?Mr\ 
• • • • • • • • • • • • • » • • • • 
v > X ) t - - CMVDCJ\ T - i n t - - <-VO OO T- l A f » CM^OOO 
T - T - c x j T - r - r j T - T - C M ' - T-CM T - t - i M v - i - C M 
VOCMCO CMCM-4 COOCQ CMVDOO OD O 00 CM VO 00 
i r \ M 3 T - U\T-^ CM»-»A C ^ 3 ^ T - - J t ? \ t ^ i - W O S 
T - l A h - CJVDCO T - i n v O »- l A t » - t - l A ^ CM i n t ^ 
T - r - K l T - r - C M T - T - P J r - , - p g i - T -CM T- T-CM 
r jcOO 
l A T - t -
- ir>M3 
l A O l T i 
<0 CM CO 
5Q 
rg O CM 
rACT\CM 
• • • 
00 rvjo 
T- m t ^ 
»- T-CM 
J - V D O 
T- T- CM 
O V O > ^ 
• • • 
T - J - m 
r- T- CM 
^ 
CM CO 
« • • 
CM i n CO 
T- T-CM 
•4: cMyj (AVDCTv 
• • • 
CM m c ^ 
T- T-CM 
CM C M - * 
T - C M I A 
• • • 
»--S'm 
T - ^ C M 
• • * 
O I O - J -
CO - * C M 
m'XicM 
r- T-CM 
• • • 
•fl 
-a-voo 
CM f A v O 
»- - * m 
T - T - CM 
o >«vo 
T- o T-
• • • 
CO O CO 
T- m v o 
T- T-CM 
CO CMO 
T- r -CM 
CO M H 'ni-ti-t C O M E H C O M E - 1 C O U C H C O M E H 
(X 
+ 
•3 
+ 
I 
T - T - r<^ t - ^ CM 
• • • • • • 
0 0 0 0 0 o 
CM 1 ^ 0 0 
O ^ y D 
0 CMCM 
T- T - CM 
\Q\0 CM 
OvDC^ 
0 CMCM 
T - r - C M 
J - ^ O 
OCMCM 
T-T -CM 
S3:§ 
0 CMCM 
T - T - C M 
- * vO 0 
o v o r -
0 0 CM 
T - T - C M 
CM-3-VO 
OQJvO 
0 0 rvj 
T - T - C M 
C T i r A t ^ . 3 - > - T-
T-CM CM T -T -CM 
0 0 0 0 0 0 
CDCDMD 
cM<i-r^ 
• • • 0 lAK^ 
T - T - C M 
VOC0-* 
<rcM>-
• • • o r o r o 
T - T - C M 
<f 0 - * 
^ I C | t > . 
C O K ^ 
T - T - C M 
(D 0 0 0 
• • * 0 l<MA 
T - T - C M 
:§5^^ 
• • • 0 rOIA 
T - T - C M 
•4- 0 - * 
J - M~it>-
• • • 0 l^t^ 
T - T - C M 
0 l A I A 
CMCMK~1 
• • • 0 0 0 
m t ^ < r 
T - T - CM 
t • • 
0 0 0 
m^~-^ cox^cM 
C M I A - J T -CMh^ 
• » • • • • 
0 0 0 0 0 0 
S>,S^ m mt^co 
<0 CMCM-a-
0 0 0 0 0 c 
CO v o 00 m s t t 
• • • • • • 
0 0 0 0 0 0 
J - CMCTl C M T - CD 
0 0 0 0 0 0 
Cnc^^O VDCMtA 
• • • • « • 
0 0 0 0 0 0 
m t ^ - * oocTivD 
0 0 T- 0 0 0 
h - T - C M <7»cMm 
v i J t ^ O . * l A t ^ 
o o »- 0 0 0 
m 'A t> COMD T-
• • • • • • 
0 0 0 0 0 0 
to H EH CO M e-i 
col o 
J | O 
JS 
o 
EH 
u 
EH 
J3 
3 
W 
o 
m 
3 
H 
O 
to 
HI 
u 
<u 
> 
x: 
o 
322 
Q. 
O 
3 2 
30 
25 
en 
i 20 
O 
15 
1-0 
OS 
30 On 
275 
250 
22'5 
20 0-1 
c 
o 
^ 10€ 
TJ 
N 
S 
s 
\ 
s 
^s 
4 
3^ 
s 
\ 
\ 
^ ^ ^ 
0 10 20 
f lyash ( 7o ) 
30 
[^N 
s 
2 
s 
\ 
\ 
s 
\ 
323 
\ 
S 
\ 
AO 
Total 
\ 
2 
\ 
\ 
\ 
N 
\ 
>s^ \ 
S 
S 
H: 
s 
N^ 
.3\ 
s 
\ 
-N 
S 
\ 
!tt 
50 60 
c h l o r o p h y l l 
\ 
s 
[ffl 
70 80 
s 
ai 
\ 
s 
90 
23 
^s 
100 
2 
\ 
\ 
NN 
\ 
\ \ 
\ 
t 
N ^ 
\ 
b>l 
\ 
\ 
\ 
\ 
2 
\ \ 
\ 
\ 
\ 
M 
\ 
\ 
\ 
\ 
\ 
s 
\ 
\ 
\ \ 
\ 
NLN 
2 
^ 3 t ^ 
\ 
\ 
\ 
\ 
\ 
\ 
s 
\ \ 
\ 
\ \ 
\ 
\ 
^ ^ ^ 
\ 
#1 
\ 
\ 
N-
s 
\ 
M 
\ \ 
\ 
\ 
\ 
^K-
\ \ 
?A 
1 Plant ( con t ro l ) 
2 Plant * Rhizobium 
3 Plant • M incognita 
U. Plant•Rhizobmm*M.incognita 
\ 
i \ 
N^ 
\ \ \ 
\ ^ \ 
1 
\ 
s 
\ 
\ 
\ 
s 
\ 
\ 
\ 
\ 
\ 
N ^ ^ 
\ 
\ 
flya sh(%) 
Fig U 
0 10 
Interact ive 
bacteria on 
20 
ef fects 
some 
30 AO 50 60 
B. Total protein 
of flyash amended soil,M_ 
parameters of chick-pea 
80 LI 
3A 
s 
s 
< ; • : 
' • ^ ^ 
S 
S 
\ 
23 
p 
\ 
90 Ld 
\ 
S 
\ 
§ 
s 
N 
S 
100 
incognita and root nodule 
324 
javanica alone and in combination in the same way as descri-
bed in Part A of this section. The increasing level of 
flyash in the soil caused step-wise increase in the chloro-
phyll and protein contents. These parameters increased 
upto 50% of flyash level. From 60% level, the increase 
in chlorophyll and protein contents showed an abrupt decline. 
At 80%, chlorophyll content decreased significantly in 
comparison to control soil. The total protein and insoluble 
protein contents of seeds also decreased when compared 
with control. Further, till 100% flyash level, the chloro-
phyll and protein contents gradually decreased. The indivi-
dual and combined effects of Rhizobium and M. incognita 
and M. javanica on the chlorophyll and protein contents 
were reduced gradually with the increasing level of flyash 
in the soil. At the 70%, the suppressive effect of M. java-
nica was greater than M. incognita either alone or in combi-
nation, with Rhizobium. From 80% onward, the chlorophyll 
and protein contents in the differet treatments of Meloi-
dogyne and Rhizobium were same (Tables 15 and 16, Figs. 4A 
and 4 B). 
Leaf epidermal characters 
Rhizobium and M. incognita and M. javanica indivi-
dually or concomitantly in the unpolluted soil affected 
all the leaf epidermal characters considered in the study 
on the same pattern as obtained in Part A of this section. 
The number of stomata and trichome-hydathodes, size of 
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stomata and stomatal aperture and length of trichome-hyda-
thodes gradually increased upto 50% flyash level. The incre-
ase m these parameters was reduced at 60% flyash level. 
Further, reduction occurred at 70% level. The number of 
stomata and trichome-hydathodes, size of stomata and stoma-
tal aperture and length of trichome-hydathodes decreased 
at 80% flyash level and the decrease was greater at 90% 
and 100% flyash levels. The individual and combined effects 
of Rhizobium and M. incognita and M. javanica on leaf 
epidermal characters were reduced upto 70% flyash level 
and became negligible at 80%. The effect of flyash from 
80% and onward on leaf epidermal characters in the various 
treatments of Rhizobium and Meloidogyne spp.remained same. 
At 70% flyash level, the suppressive effect of M. javanica 
was greater than M. incognita (Tables 17, 18 and 19). 
The number and length of trichomes gradually declined 
in flyash amended soils upto 50%. But the decrease in tri-
chome parameters was less at 60% flyash. The parameters 
of trichomes showed an increase at 80% flyash level. The 
number and length of trichomes increased further at 90% 
flyash level and became constant onwards. The indivi-
dual and combined effects of Rhizobium and root-knot nema-
todes on trichome parameters gradually declined with the 
increasing level of flyash m soil. At 70% flyash, the 
effect of M. j avanica was greater than M. incognita. From 
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80 to 100%, the effects of Rhizobium and Meloidogyne spp. 
were eliminated completely (Table 20). 
LENTIL, Lens culinaris Medic. 
Plant growth and yield 
Plant growth and yield parameters of lentil were 
also influenced by the artificial amendment of soil with 
flyash. These parameters gradually increased with the incre-
asing level of flyash from 10% to 50-60%. But after 60% 
i.e. 70% onward the increase in the growth and yield para-
meters gradually declined upto 90%. The plant growth and 
yield observed in 90 and 100% flyash levels were, however, 
similar. The effects of Rhizobium, M, incognita and javanica 
individually or when Rhizobium was combined with M.incognita 
or M. javanica in unpolluted control soil were similar 
as observed in the Part A of this section. Rhizobium impro-
ved plant growth and yield of lentil. Both the species 
of Meloidogyne caused reductions; M. incognita being more 
damaging. These damaging effects of Meloidogyne spp. were 
reduced in the presence of Rhizobium. These effects were 
gradually suppressed upto 70% flyash level (Tables 21 and 
22, Figs. 5 A and 5 B). 
Root-knot disease and root nodulation 
M. incognita was more pathogenic to lentil than 
M. J avanica. Root galling and eggmass production were 
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greater in the plants infected with M, incognita. Root 
galling and eggmass production of both M. incognita and 
M. javanica were suppressed m the presence of Rhizobium. 
Flyash level upto 50% apparently favoured the nematodes 
which resulted m stepwise increase in the galls upto 50% 
flyash level. Root galling gradually declined from 60% 
onward and no galling was observed in 90% and 100%. The 
eggmass production of both the nematodes was suppressed 
by the flyash. The number of eggmass gradually decreased 
with the increasing level of flyash from 10 to 60%. The 
eggmass production was completely inhibited at 70-100% 
flyash levels. The suppression of root galling and eggmass 
production by Rhizobium was adversely affected with the 
increasing level of flyash 'Table 23). 
Root nodulation was suppressed by flyash content 
of the amended soils. Number of root nodules gradually 
decreased upto 80% flyash level. At 90% and 100% flyash 
levels, the root nodulation was completely inhibited. The 
number of functional nodules also decreased gradually with 
the increasing level of flyash. The adverse effect of 
both M. incognita and M. ] avanica on root nodu-
lation was gradually reduced upto 60% flyash level. No 
adverse effect of the nematodes on root nodulation was 
found m 70% and onward. The number of root nodules infected 
with root-knot nematodes gradually increased upto 50% flyash 
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level. A declining trend m the number of nodules infected 
with root-knot nematodes was observed from 60% onward and 
in 80, 90 and 100% flyash levels, no infection of root 
nodules was observed (Table 23). 
Leaf pigments and seed proteins 
The leaf pigments and seed proteins of lentil were 
promoted by flyash contents m the soils. The pigment and 
protein contents gradually increased upto 60%. This gradual 
increase showed a declining trend from 70% onward. Chloro-
phyll contents increased significantly m 80% flyash concen-
tration, while the protein content m 80% flyash concentra-
tion decreased significantly except the insoluble protein. 
The adverse effects of root-knot nematodes and favourable 
effects of root nodule bacteria on leaf pigments and seed 
proteins were reduced by the flyash of the soils. The 
adverse effects of the nematodes were affected by the pre-
sence of Rhizobium. These influences showed a direct rela-
tionship with flyash levels (Tables 24 and 25, Figs. 6A 
and 6B). 
Leaf epidermal characters 
The leaf epidermal characters of lentil were influen-
ced differently by the artificial amendment of soil with 
flyash. The number of stomata and size of stomata and stoma-
tal aperture gradually increased with the increasing level 
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of flyash upto 60%. The increase m these parameters started 
declining from 70% onwards. 
The effects of root-knot nematodes and root nodule 
bacteria alone or in combination on leaf epidermal charac-
ters were gradually suppressed upto 70% flyash level, and 
their effects were completely suppressed at 80% and onwards 
(Tables 26, 2 7 ) . The number and length of trichomes gradu-
ally decreased with the increasing level of flyash upto 
50%. This decrease was reduced at 60% and 70% flyash levels. 
The number and length of trichomes increased significantly 
at 80% flyash level and this increasing trend was persistent 
upto 100%. The individual and combined effects of the root-
knot nematodes and root nodule bacteria, were suppressed 
gradually upto 70% flyash level and was completely elimina-
ted at 80% and onwards (Table 2 8 ) . 
o i sczTjrss X oisr 
Ambient flyash polluted soil was beneficial for 
the plant growth and yield of chick-pea and lentil. Since 
the deposition of flyash was more m the soil of 1/2 km (S^ ) 
than 2 km (S_) from the stack of the thermal power plant, 
the improvements m growth and yield of the plants were 
greater in S^  soil than S_ soil. Associated with better 
plant growth, leaf pigments and seed proteins of both crops 
were also increased. In the artificial amendment of soil, 
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the leaf pigments and seed proteins increased gradually 
with the increasing plant growth but declined at higher 
concentrations where plant growth was also poor. 
Epidermal structures of leaves of the crops consi-
dered, responded favourably as structural demand for better 
water absorption, greater translocation and transpiration 
m plants showing improved growth. The response pattern 
of various leaf epidermal structures to the flyash pollution 
of the soil differed. Stomata and trichome-hydathodes res-
ponded favourably and number, size and aperture of stomata 
and length of trichome-hydathodes increased but the tricho-
mes responded negatively and their number and length decli-
ned. These influences were correlated with the concentration 
of flyash. 
As a structural adaptation for increased water absor-
ption because of greater water holding capacity and improved 
plant growth in flyash polluted soil, number and size of 
stomata and stomatal aperture size increased m the leaves 
which m turn facilitated the greater absorption of water. 
Trichome-hydathodes, the secretory foliar appendages, 
secrete an aqueous solution containing some inorganic and 
organic substances (Fahn, 1982; Shneff,1965; Perrin, 1970) 
are one of the characteristic features of chick-pea. They 
were also affected positively by the flyash polluted soil. 
In the new leaves the number and length of trichome-hydatho-
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des increased possibly to meet the increased water pressure 
in leaves due to greater water absorption. 
Trichomes, the leaf appandges, protect the leaf 
epidermal tissues and make an insulated layer on the leaf 
surface, through which they regulate the transpiration 
and also maintain the temperature of plants. When the plant 
growth was improved, the function of trichomes became of 
less importance and as a response their number and size 
declined. As a response of pollution stress caused by flyash, 
when the plants showed poor growth due to its toxic effects 
at higher concentrations, trichomes increased in number 
and length and number and length of trichome-hydathodes 
and number, size and aperture of stomata decreased to check 
transpiration. 
The beneficial effect of flyash polluted soil on 
plant growth and yield was greater in chick-pea than lentil. 
This variation might be due to relative difference in their 
response to presence of flyash in soil.This increased growth 
and yield of chick-pea and lentil may be attributed to 
the presence of utilizable plant nutrients in flyash 
(Druzia et a^.,1982). The artificial amendment of the soil 
with flyash upto 50% . also improved the plant growth and 
yield, which supports that some utilizable nutrients were 
available in flyash. In addition to nutrients, alterations 
in soil ' in relation to some other factors like pH,cation 
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exchange capacity, water holding capacity and soil porosity 
also affected the growth of roots which reflected m shoot 
growth and yield. Flyash neutralizes soil pH and increases 
cation exchange capacity, water holding capacity and soil 
porosity (Jones and Straughan, 1978; Adriano, 1980; Elseevi 
et al. , 1981 ). These favourable effects of flyash m soil 
might be also additionally responsible for amelioration 
of plant growth and yield of chick-pea and lentil. 
In artificial amendments, beneficial effects of 
flyash beyond 50% for chick-pea and beyond 60% for lentil 
were diminished greatly and 80% onwards the amendments 
became harmful for plant growth and yield of both the crops. 
The beneficial effect of flyash was, therefore, optimal 
at 50-60%. The adver<=;'^  effect of flyash at higher concen-
trations may be due to toxic effects of the compounds like 
dibenzofuran and dibenzo-p-dioxime mixture and heavy metals 
found m flyash (Helder ejt a^. 1982; Mishra and Shukla, 
1986; Wong and Wong, 1986; Kamath, 1978). At these levels 
of flyash the toxic substances might have been enough m 
concentration to suppress the plant growth. Additionally, 
the nutrients available m the soil which was used for 
amendments became low in concentration because of the incre-
ased concentration of flyash. This too might have contribu-
ted towards the poor growth and yield of the crops. Thus, 
the results showed that flyash emanating from the thermal 
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power plants are beneficial for plant growth of crops like 
chick-pea and lentil if present m appropriate concentra-
tions at which the toxic substances claimed to be present 
m flyash are not harmful, because the beneficial effects 
mask the harmful effects and as a result better crop growth 
and yield are achieved. Even m ambient conditions this 
effect was evident because m the S. soil where deposition 
was greater, better plant growth occurred than m S^ soil. 
Apparently the level of flyash m the soil at the both 
the sites was below the toxic threshold level for chick-
pea and lentil. 
At higher concentrations, the greater amount of 
toxic substances dominated over the favourable nutrients 
and ultimately the plant suffered. Additionally the propor-
tion of soil gradually became smaller and m 90% and 100% 
flyash concentration very little or no field soil was avai-
lable to support the normal plant growth. 
Flyash m soil induced poor seed germination and 
less number of seedlings survived after emergence m both 
ambient polluted soils and in artificially amended soils. 
The adverse effect increased with increasing concentration 
of flyash either m ambient soil or m artificial amendments' 
The toxic substances apparently present in the flyash, 
even at low levels, inhibited seed germination and induced 
seedling mortality. Chick-pea and lentil seed at germination 
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and their seedlings immediately after germination at the 
tender age, were therefore, less tolerant to the toxic 
substances present m flyash. The seedlings which survived 
later showed better growth at the same levels of flyash. 
This indicates the variations m tolerance capacities of 
the crops at different stages of their growth. 
Flyash pollution of soil, both m ambient and arti-
ficially amended soils suppressed root nodulation by Rhizo-
bium. All the levels of flyash particulary m the artificial 
amendments were suppressive and suppression was directly 
correlated with the concentration of flyash. Complete 
suppression occurred at 90% and onward. The suppression 
of root nodulation reflected m the reduced dry weight 
of the plants. The toxic substances particularly heavy 
metals present m the flyash might be the cause of inhibi-
tion of root nodulation. Several heavy metals m the arti-
ficial conditions have been shown to be toxic for root 
nodulation (Khan e^ al_. , 1987, 1988). The death of nodules 
too m the flyash polluted soils. 
Flyash, m both ambient and artificially polluted 
soilsrsuppressed the juvenile hatching of both M. incognita 
and M. javanica. The suppression of the juvenile hatching 
was greater m S^  soil than m S_ soil. In the soils arti-
ficially amended with flyash, the suppression in juvenile 
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hatching of M. incognita and M. javanica gradually increa-
sed with the increasing level of flyash upto 80 and 90% 
respectively. Further increase m flyash level completely 
inhibited ]uvenile hatching of the nematodes. Evidentaly, 
the toxic substances present in flyash inhibited juvenile 
hatching of nematodes. 
Increased soil porosity,which favours movement of juveni-
les m the soil (O'Bannon and Reynolds, 1961; Sasser, 1954), 
might have helped the greater root ingress. Additionally, 
increased water holding capacity of the flyash amended 
soils might have also aided their greater penetration (Van 
Gundy, 1985). The greater ingress of juvenile caused more 
root-galling but eggmass production was suppressed, possibly 
because of the toxic effect of the flyash on the nematodes. 
Root-knot nematodes and Rhizobium, were inhibitory 
to each other and interacted antagonistically and m their 
concomitant presence, the beneficial effects of Rhizobiurp 
were reduced. Flyash and Rhizobium individually were bene-
ficial for plant growth and yield characters, leaf pigments 
and seed proteins,due to which the leaf epidermal characters 
were also affected. When Rhizobium and flyash were simulta-
neously applied, they interacted antagonistically. The 
toxic substances present in the flyash suppressed the root 
nodulation. Therefore, the interactive effects were delete-
rious for various plant growth and yield paramters, leaf 
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pigment and seed protein contents. Flyash also interacted 
antagonistically with root-knot nematodes. Flyash was more 
antagonistic to M, incognita than M. j avanica. In antagonis-
tic interactions with both root-knot nematodes and Rhizobium, 
flyash also adversely affected the interactive effects 
of root-knot nematodes and Rhizobium. The inhibitory effects 
of flyash in the antagaii3tic interaction either with 
Rhizobium or root-knot nematodes or both were concentration 
dependent, which increased with the increasing concentration 
m the artificially amended soil. In ambient condition 
also, the inhibitory effect of soil from 1/2 km (S^) was 
greater than 2 km (S_) because of the greater deposition 
of flyash m S. soil. In the artificial amendment of soils 
with flyash, plant growth of both the crops was adversely 
affected at higher concentrations i.e. from 70% and onward 
for lentil and 60% and onward for chick-pea. Accordingly 
all growth parameters and leaf pigment and seed protein 
contents declined. Leaf epidermal characters responded 
differently. Stomatal number, size and aperture and number 
of trichome-hydathodes (in chick-pea) decreased but the 
number of trichomes increased. Root-nodulation and root 
galling and eggmass production were completely suppressed. 
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su^<IIyIi?s,.F^Y 
Flyash emanated from the Thermal Power Plant, Kasim-
pur improved the various physico-chemical properties of 
the soil which were found favourable to the plant growth. 
The improvement m the soil of S. was greater than S_ soil. 
Flyash polluted soils from both the sites were sandy 
loam while the unpolluted soil was loamy sand. Flyash pollu-
tion increased porosity, water holding capacity, conducti-
vity and cation exchange capacity of the soils. Organic 
matter, sulphate and bicarbonate contents of the soils 
also increased. The increase was greater m S. soil than 
S^ soil. Carbonate content was also greater m flyash 
polluted soil than unpolluted soil. Carbonate content of 
S. and S^ soil, however, did not differ. Flyash pollution 
lowered soil pH. The pH of S^  soil was less than S_ soil. 
Seed germination of chick-pea and lentil was inhibi-
ted and post-emergence mortality of their seedlings increa-
sed in the ambient flyash polluted soil as well as in the 
artificially flyash polluted soil. These effects of S-
soil were greater than S^ soil. Inhibitory effect on seed 
germination was greater for chick-pea but the post-emergence 
mortality of seedlings was greater for lentil. These adverse 
effects of flyash m the artificially amended soil showed 
stepwise increase upto 80% level. Thenafter, there was 
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no increase. 
Juvenile hatching of the root-knot nematodes was 
suppressed by flyash in both the ambient and artificially 
polluted soils. The suppression was greater for M, incognita 
than M. javanica. The effect of S. soil was greater than 
S2 soil m this respect also. A stepwise decrease occurred 
m ;]uvenile hatching of M. incognita and M. ] avanica with 
the increasing level of flyash m the amended soil and 
was totally inhibited at 80 and 90% flyash levels, respec 
tively. 
rlyash content of the soil, m general, was benefi-
cial for plant growth and yield of both the crops. S^  soil 
was more beneficial than S-, soil. In the artificially amen-
ded soil, plant growth and yield showed stepwise increase 
upto 50% m chick-pea and 60% in lentil. Thenafter, a gra-
dual decline was noticed upto 90% flyash level of the 
soil. The growth and yield were equal m 90 and 100%. The 
favourable effects of Rhizobium and adverse effects of 
root-knot nematodes on various considered parameters of 
plant growth and yield etc. were influenced. In artificially 
amended soil, the favourable effects of Rhizobium and adver-
se effects of the root-knot nematodes on plant growth and 
yield etc.were gradually reduced by the increasing level ol 
flyash m the soil and the effects were completely elimina-
ted at 80% level. Root galling and eggmass production were 
353 
variously affected by the flyash content of the soil. In 
the ambient flyash polluted soil, root galling was greater 
m S^  soil than S soil while the eggmass producti on was 
less m S^  soil than S2 soil. Root galling was promoted 
by the flyash and it increased upto 50%. Thenafter, an 
abrupt decline m the gall formation was recorded. Root 
galling of the nematodes was completely inhibited m 90% 
and 100% flyash level of soil. Eggmass production of the 
root-knot nematodes, however, showed stepwise decrease 
with the increasing level of flyash of the soil and the 
eggmass production of both the species was completely 
suppressed at 70%. Similar stepwise decrease occurred in 
the formation of root nodules by Rhizobium and was comple-
tely suppressed at 70 and 80% flyash levels in chick-pea 
and lentil respectively. The infection of root-nodules 
by root-knot nematodes was favoured by the flyash at lower 
levels (upto 50%). 
Leaf pigments and seed proteins were increased by 
the flyash content of the soil. The increase was greater 
m S. than S^ soil. In artificially amended soil, the leaf 
pigments and seed proteins increased upto 50% m chick-
pea and upto 60% m lentil. Thenafter, a declining and 
trend was recorded upto 90%. The effects of Rhizobium and 
either species of Meloidogyne alone and m combination 
on leaf pigments and seed proteins were gradually suppressed 
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with the increasing level of flyash and completely elimina-
ted at 80%. 
Leaf epidermal characters responded variously to 
flyash pollution of the soil. The number of stomata, size 
of stomata and stomatal aperture and number and length 
of trichome-hydathodes (only m chick-pea) increased, 
while the number and length of trichomes decreased with 
increasing level of flyash upto 50% m chick-pea and 60% 
m lentil. Similar response of epidermal characters were 
observed m ambient flyash polluted soil. The effects of 
S^  soil were greater than S„ soil. Rhizobium and either 
species of Meloidogyne alone and m combination variously 
affected these parameters and suppression of these effects 
occurred with increasing level of flyash and their effects 
were completely eliminated at 80% and onwards. 
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